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1. INTRODUCTION 

Under NASA Goddard Space Flight Center  Contract  NAS-5 -2797,  
Hughes Aircraf t  Company is conducting feasibil i ty s tudies  and advanced 
technological development fo r  a n  advanced, s ta t ionary,  active r e p e a t e r ,  
c om m un ic at i on s at  e l l  it e. 

An Initial P ro jec t  Development P l a n ,  submitted to  Coddard on 15 
August 1962 ,  reported the init ial  system feasibil i ty studies and delineated 
technical  approaches ,  the adminis t ra t ive plan,  manpower r equ i r emen t s ,  
schedule ,  and funding considerations appropriate fo r  accomplishing the NASA 
cont rac t  objectives. 

These  monthly technical l e t t e r  r epor t s  present  the technical p rog res s  
made  during the reporting per iod ,  the c r i t i ca l  p roblems o r  delays encoun- 
t e r e d ,  and the plans fo r  the forthcoming reporting period. 

Separate  r epor t s  of schedule status a r e  provided through biweekly 
P E R T  repor t s .  
s ta tus .  

Monthly financial management repor t s  provide the funding 

1-1 



2. SYSTEM DESIGN STUDY 

Studies of the Syncom I1 spacecraft  sys tem design during December 
consis ted of updating the ascent  guidance e r r o r  es t imates  in accordance  with 
the recently re leased  Lockheed Missi les  and Space Company final repor t  of 
the i r  Syncom I1 booster feasibil i ty s tudies ,  consideration of thrust  misal ign-  
men t  effects on spacecraf t  a t t i tude,  and consideration of te lemet ry  and com - 
mand s y s t e m s  per formance  and format.  

A draf t  of the System Pe r fo rmance  and Environmental  Tes t  Require - 

Two design reviews a r e  scheduled f o r  the f i r s t  week 
m e n t s  Specification i s  being revised for submiss ion  to  Coddard during the 
next report ing period. 
in January.  
the next monthly report .  

Results of these reviews will be reported in summary  fo rm in 

The e lec t r ica l  power subsystem design was  rev ised  t o  reflect  incor -  
porat ion of n-p ce l l s  which exhibit improved res i s tance  t o  radiation over the 
p-n ce l l s  included in the design summary  of the 15 August 1962 Initial P r o -  
jec t  Development P lan  for  Advanced Syncom. 

TELEMETRY SUBSYSTEM 

The te lemet ry  subsys tem design has  been rev ised  t o  reflect  a pulse 

The sys t em selected is a t ime 

In this s y s t e m ,  the P F M  

frequency modulation (PFM) sys t em based upon NASA-Goddard Space Flight 
Cen te r  Standards for  P F M  (Reference 2-1) .  
division multiplexed sys t em in which the signal information is c a r r i e d  in the 
fo rm of the frequency of a subca r r i e r  osci l la tor .  
encoder  aboard  the spacecraf t  i s  simple and rel iable .  The complexity in the 
s y s t e m  is  t r ans fe r r ed  f rom the spacecraf t  t o  the ground stations where  
weight and power requi rements  do not penalize the design. 
a m e a n s  of implementing the Goddard f o r m a t  is presented l a t e r  in this 
s e c t i on. 

A discussion of 

Orre of the unique aspec ts  of this sys t em is a bank of contiguous band- 
p a s s  f i l t e r s  used on the ground with a "greatest  of" type detector  to  obtain a 
representa t ion  of the analog signal in a single burs t  t o  an  accu racy  of one 
pa r t  in one hundred. 
band of this comb f i l t e r  and is thus only a smal l  fraction of the input noise.  

The output noise is then only the noise contained in one 



Several  commutation r a t e s  a r e  allowed in the NASA-PFM s tanda rds .  
However, r ea l - t ime  data  process ing  by NASA i s  cu r ren t ly  avai lable  only on 
the 50 -channel-per-second sys t em.  This  data  r a t e  a p p e a r s  adequate f o r  
Advanced Syncom and because of the desirabi l i ty  of having r ea l - t ime  data  
avai lable ,  this pa r t i cu la r  mode will  be used. The s u b c a r r i e r  cen te r  f r e -  
quency i s  10 kc  and the deviation is f 5 k c ,  resul t ing in minimum and maxi- 
m u m  frequencies  of 5 k c  and 15 k c ,  respect ively.  
der ived  by using 10 PFM f r a m e s  of 15 data  channels  p e r  f r a m e .  
channel in each  f r a m e  is used f o r  synchronization. 

About 150 channels a r e  
A sixteenth 

The PFM te l eme t ry  f r a m e  f o r m a t  i s  i l lus t ra ted  in F igu re  2-1 .  The 
beginning of each  f r a m e  is identified by the p re sence  of the sync pulse  with 
both a period and a frequency distinct f r o m  the remaining b u r s t s  in the 
f r a m e .  Each data  channel bu r s t  i s  s epa ra t ed  by a re ference  bu r s t  of known 
frequency. The frequency of the synchronization bu r s t  is specified to  be 10 
percent  lower than the p re sc r ibed  lower  frequency edge of the data  s u b c a r -  
r i e r  band ( i .  e. , 5000 cps  to  500 cps  o r  4500 cps)  and the long t e r m  stabil i ty 
shal l  be bet ter  than 1 percent .  Al te rna te  f r a m e s  employ a synchronization 
bu r s t  which is stepped in frequency to  provide f r a m e  location information. 

A 10-f rame PFh4 te l eme t ry  sequence is i l lus t ra ted  in F i g u r e  2 - 2 .  
The sync channel f requencies  f o r  a l te rna te  f r a m e s  a r e  shown in Table  2-1.  
F o r  the others  which a r e  between a l t e rna te  f r a m e s ,  the frequency of the 
synchronization bu r s t  is 4500 cps .  

P r e l i m i n a r y  Analysis of Te lemet ry  Subsystem 

The following s y s t e m  p a r a m e t e r s  a r e  a s s u m e d ,  based on m e a s u r e -  
ments  made on Syncom I: 

Space c raft 

Cable l o s s e s  0 .  13 db 
Attenuator  l o s s  1 . 5 0  db 
Diplexer l o s s  0 . 7 0  db 
Hybrid-balun 10s s 0.  50 db 

F r e e  space  l o s s  167 .4  db 
Antenna gain (wors t  ca se )  -3.  20 db 

Ground T e r m i n a l  

Antenna gain 25. 10 db 
Antenna mismatch  l o s s  0 . 0 1  db  
Line  l o s s  preceding p r e a m p .  0 . 3 0  db 
F i l t e r  l o s s  2 .  00  db  
Receiving sys t em noise  f igure  1 . 9 3  db 
Galactic noise  1000°K 
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TABLE 2-1. SYNCHRONIZATION FREQUENCIES 

De c im a1 Binary 

Frequency  
Tolerance ,  
f percent  

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

000 

00 1 

010 

011  

100 

7 . 6  
1 . 0  
6. 2 
1 . 0  
5 . 2  
1.0 
4. 5 
1 . 0  
4.0 
1 . 0  

Center  

kc 
Frequency ,  

5. 30 
4. 50 
6. 50 
4. 50 
7 .  70 
4. 50 
8. 90 
4. 50 

10 .10  
4. 50 

I I I 
REFERENCE REFERENCE REFERENCE 

BURST BURST BURST 
t = TIME 

Figure  2 - 1 .  P F M  Te leme t ry  
F r a m e  F o r m a t  
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I 

2 001 1 1 1 1 l l 1 1 1 1 1 1 1 1 l l 1 1 1 1 1 1 1 1 1 l l 1 1 ~  
S I l l l l l l l l I 1 1 1 1 1 1 l l 1 1 1 1 1 1 1 1 1 l l 1  

3 

W 
m 

010 
z 1 1 1 1 1 1 1 l l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

S 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

w 
5 d 5 1  I S 
LL 1 1 1 1 1 1 1 l l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l  

6 011 I I I I I  I I I I I  I I I I l l l l l l l l l l l l l l l j  
7 S 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

8 100 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  I I 1  1 1 1 1 1 1 1 1 1 1 1 ]  
9 S 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  I 1 1 1 1 1 1 1 1 1 1 1 l l 1  

Figure  2 - 2 .  10 -Frame  P F M  Te leme t ry  Sequence 

Blank designations i n f e r r e d  by s y m m e t r y  
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The r ece ive r  noise t empera tu re ,  r e f e r r ed  to  the input of the p r e -  
ampl i f ie r ,  is de te rmined  as follows: 

- TG + (L - ') TL t T p  
L Tin - - L 

where  

Tin = r ece ive r  noise tempera ture  r e fe r r ed  to  input of the preampl i -  
f ier ,  deg rees  K 

TG = Galactic noise t empera tu re ,  degrees  K 
input power t o  attenuator 

output power f rom attenuator L = Attenuation power ra t io  = 

TL = Ambient t e m p e r a t u r e  of t ransmiss ion  l ine elements  

T p  = Receiving s y s t e m  noise t empera tu re  = (F-1) 290 

F = Receiver  noise f igure = 1. 93 db 

The attenuator power r a t io ,  L , is made  up of the sum of the f i l t e r  
l o s s  and the l ine l o s s  preceding the preamplif ier  (2. 0 db + 0. 3 db = 2. 3 db). 
The ambient  t e m p e r a t u r e  of the t ransmiss ion  l ine is a s s u m e d  t o  be 290°K. 

T p  = (F - 1)290 = (1.56 - 1) 290 = 162OK (2-2) 

L = 2 . 3  db o r  a ra t io  of l . 7 0 / 1  

The re fo re ,  

The noise spec t r a l  density,  No, may now be de te rmined  

No = k Tin 

w h e r e  

No = noise spec t r a l  density 

k = Boltzmann's  constant= -228.6 db/OK/cps 

10 log No = -228 .6  + 10 log 870 = -199.2 dbw 

(2-4) 
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The net  l o s s  is determined by adding the l o s s e s  and gains throughout 
the sys tem.  

L o s s e s  Gains 

Cable lo s s  
Attenuator l o s s  
Diplexer l o s s  
Hybrid-balun l o s s  
F r e e  space l o s s  
Ground mismatch  10s s 
Ground line l o s s e s  
Ground f i l t e r  l o s s  

Total 

0. 13 db Ground antenna gain 25. 1 db 
1.50 db Spacecraf t  antenna gain -3. 2 db 
0 .70  db Total m d b  
0 .50  db 

167.40 db 
0 .01  db 
0.30 db 
2.00 db 

172.54 db 

Net loss = 172.5  - 21.9  = 150.6 db 

A significant sys t em p a r a m e t e r  is  the minimum power requi red  a t  
the spacecraf t  t r a n s m i t t e r .  One way to  de te rmine  th i s  power is t o  s e t  a 
maximum f i l te r  selection e r r o r  r a t e  a t  the ground station f i l t e r  bank and 
determine the signal-to-noise r a t i o  requi red  a t  the f i l t e r  t o  sa t i s fy  this  
condition. 

To  r e t r i eve  data on the ground with 1 percent  accu racy  i t  is n e c e s -  
s a r y  only to  detect  which one of the banks of 100 contiguous f i l t e r s  is 
responding to  the received signal tone. 
obscure the t r u e  signal and give false indications as t o  which f i l t e r  is 
r e  sponding a t  various t ime s . 

Noise in the f i l t e r  bank will tend t o  

This situation is  analogous t o  that of determining the bit e r r o r  proba-  
bility of a noncoherent F S K  signal as a function of the signal-to-noise r a t i o  
a t  the sys tem output. If a matched f i l t e r  is u s e d ,  the probabili ty of e r r o r  
( i .  e. , the probability that any single f i l t e r  in the bank is selected when i t  
should not have been,  o r  is not selected when it  should have been) is given 
by (Reference 2-2) 

where  

Pe = probability of e r r o r  in a given f i l t e r  

E = average  signal energy in  a b u r s t  

No = noise spec t ra l  density 
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An e r r o r  rate of will  be considered. This  m e a n s  that above 
99. 9 percent  of the data  will  be valid. 

The re fo re ,  E -- 
-3 1 2No Pe = 10 = - e  2 

- E 
NO 

= 12 .4  or 10 .9  db 

Actual t e s t s  on the ground sys tem using l ive  sa te l l i t e  data have shown 
that operation is within 3 t o  6 db of that which could be obtained theoret ical ly  
(Reference  2-3). The re fo re ,  the  value of E / N o  will  b e  inc reased  by 6 db 
t o  obtain a m o r e  r ea l i s t i c  result. Let 

- -  E - 16. 9 db 
NO 

The value of No h a s  been previously de te rmined  as -199.2 dbw. 
The re fo re ,  

E = 16.9  - 199.2 = -182.3 dbw 

E is the ave rage  s ignal  energy in  a bu r s t  and  is the  product of the 
usable  s ignal  power,  P, , and the duration of the b u r s t ,  T .  

E E = P s T  or Ps = - T (2  -6) 

The durat ion of each  b u r s t  is 10 m s ,  o r  expres sed  in equivalent db,  
-20 db. The re fo re ,  

Ps = -182.3 t 2 0  = -162.3 dbw 

The net l o s s  was  de te rmined  as 150.6 db. The power in the  f i r s t  
Psl , a t  the spacecraf t  t r a n s m i t t e r  is the re fo re  given by s ideband p a i r ,  

PS1 = -11.7 dbw 

Psl = 68 mw 
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The total  t r ansmi t t e r  power,  PT , is now readi ly  determined f rom 

The s u b c a r r i e r  osci l la tor  in the spacecraf t  will phase modulate the 
c a r r i e r  with a modulation index, d ,  of about 1. 2 radians.  The re fo re  

An additional safety margin  will be obtained i f  m o r e  t r a n s m i t t e r  
power is used. 
below: 

Several  t r ansmi t t e r  powers  and safety marg ins  a r e  tabulated 

Transmi t t e r  Pow e r Additional Safety Margin 

137 mw 
250 mw 
500 mw 
1. 0 wat ts  
1. 8 wat ts  
2. 0 wat ts  

Te leme t ry  Encoder 

0 db 
2 . 6  db 
5 . 6  db 
8 . 6  db 

11 .2  db 
11.6 db 

The block d iagram in F igu re  2 - 3  presen t s  a means of implementing 
the Goddard P F M  s tandard  te lemet ry  f o r m a t  specified in Reference 1-1. 
The encoder p a r a m e t e r s  are: 

Data s u b c a r r i e r  frequency: 10 k c p s ,  f 50 percent  deviation 
Sync frequency (fo): 4500 cps  
Reference frequency ( f r ) :  one of the specified frequencies  
Data rate: 50 data b u r s t s p e r  second 
Number of data f rames :  t o  be de te rmined  (16 maximum) 

The channel r a t e  osci l la tor  is a ZOO-cps tuning fo rk  osci l la tor  which 
s e r v e s  as a t r i gge r  f o r  the channel select ion counter .  
counter consis ts  of N fl ip-flops,  where  N is the sma l l e s t  integer  equal to  
o r  g r e a t e r  than (6  t log2 n ) ,  and n is the number  of data f r a m e s ;  t he re  a re  
15 data channels per frame. 

The channel select ion 

The reference frequency is obtained f r o m  e i the r  a tuning fo rk  o r  
c rys t a l  oscil lator.  
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ANALOG 
INPUTS 

DIGITAL 
INPUTS 

4 256 
ANALOG CHANNELS 

INPUT 
COMMUTATOR 

CALIBRATION 
REFERENCE 

f 

SUB CARRIER 
OSCILLATOR GATE - 
lOkc ? 50% + 

I I I 

DIGITAL 
I N P U T  - 

REFERENCE FREQUENCY 
OSCILLATOR OSCILLATOR 

STABILITY SIO+ LONG TERM 
I LONG TERM 1 45:s 

STABILITY 40.01 

CHANNEL 
SELECTION 

CHANNEL 

OSCILLATOR 

SHORT TERM 
IOOCPS? 0.5% 

STABILITY 5 

INPUT SUN SENSOR 
AMPLIFIER FROM 

SUN SENSOR.t/J 

c--) TO TRANSMITTER 

Figure  2 - 3 .  Syncom I1 Telemet ry  Encoder  Goddard P F M  Standard 
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The analog-input commuta tor  s e l ec t s  the analog signal t o  be t e l e -  
m e t e r e d ,  a s  de te rmined  by the s ta te  of the channel select ion counter ,  and 
switches the se lec ted  signal to  the voltage-controlled osc i l la tor .  The digi ta l -  
input commutator  s e l ec t s  the digital  binary s ignals  t o  be t e l eme te red ,  in  
groups of up to  th ree  bi ts  a t  a t i m e ,  and applies the se lec ted  s ignals  t o  the 
digital-input encoder.  The digital  inputs to  be se lec ted  a r e  de te rmined  by 
the s t a t e  of the channel select ion counter.  The digital  input encoder  conver t s  
the t h r e e  ( o r  l e s s )  digital  s ignals  into a corresponding voltage which m a y  
a s s u m e  one of eight d i s c r e t e  leve ls  corresponding t o  the eight possible  s t a t e s  
of the inputs. This voltage i s  then applied t o  the voltage controlled osc i l la tor .  

The stepped f r a m e  synchronization b u r s t s  a r e  obtained by applying 
the outputs of the appropr ia te  flip-flops of the channel select ion counter  to  
the digital  input commuta tor .  

The f r a m e  synchronization and r e fe rence  f requencies  a r e  gated t o  
the te lemet ry  t r a n s m i t t e r  a t  the appropr ia te  t i m e s  as de termined  by the 
l e s s e r  significant bits  of the channel select ion counter .  

The cal ibrat ion r e fe rence  provides  an accu ra t e  known voltage which 
i s  applied as  one of the analog inputs; ground potential is applied a s  another  
analog input, providing two-point cal ibrat ion of the s u b c a r r i e r  osc i l la tor .  

The sun s e n s o r  pulses  a r e  amplified and l i nea r ly  added t o  the P F M  
signal  a t  the input t o  the t e l eme t ry  t r a n s m i t t e r .  

Encoder Interface.  Te leme t ry  analog inputs a r e  within the range 0 - 
t 4  volts; t e lemet ry  digital  inputs a r e  0 5 Vo 5 t 0.  5 vol t s ,  
where  Vo and V i  a r e  the ze ro - s t a t e  and one-s ta te  voltage l eve l s ,  
r e  spec t ively. 

V i  2 4- 5. 0 vo l t s ,  

The command decoder--telemetry encoder  in te r face  cons is t s  of t h r e e  
i t e m s  of digital information: 

Command r e g i s t e r  contents 7 bits  

Phase  angle of t ransponder  
antenna beam with r e spec t  t o  
s e 1 e c t e d s un - s en s o r  

Sun - s ens o r  select ion 

9 b i t s  

2 bits  

18 bi ts  

The eighteen bits of information a r e  t e l eme te red  on s ix  data  channels ,  
t h r e e  bi ts  per  channel. 
bits  into a voltage which a s s u m e s  one of eight poss ib le  l e v e l s ,  co r re spond-  
ing t o  the configuration of the input bi ts .  

The digital  input encoder  conve r t s  each  s e t  of t h ree  
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COMMAND SUBSYSTEM 

Command Decoder 

A pre l imina ry  command decoder s y s t e m  design is shown in the block 
Descr ipt ion of operation of the decoder  follows with d iagram in F i g u r e  2-4. 

r e fe rence  made  t o  the block d iagram.  

P r i m a r y  Mode. The p r i m a r y  decoder  mode opera tes  f r o m  a NRZ 
f o r m a t ,  frequency-shift-keyed digital  wave t r a in  with inherent  bit synchroni-  
zation information. The information i s  contained in  a s ine  wave whose 
a l t e rna te  z e r o  c r o s s i n g s  a r e  a t  the t ime cen te r  of the da ta  bits. 
wave amplitude modulates  e i the r  the "zeros"  tone or the  "ones" tone ,  which- 
e v e r  is being t ransmi t ted .  

This  s ine 

P r i o r  t o  command init iation the z e r o s  tone with the bit synchroniza-  
tion wave is t r ansmi t t ed  t o  the vehicle. 
# 2  and hence t o  the audio detector .  After  a few cycles  of the  bit synchroni-  
zation wave,  the audio de tec tor  begins reproducing the bit synchronizat ion 
s ine  wave. The s ine wave i s  shaped into a squa re  wave by the clock ampl i -  
f i e r .  
r e g i s t e r ,  which, in p r i m a r y  mode ,  is  connected as  a shift r e g i s t e r .  

This tone p a s s e s  through tone f i l t e r  

The clock ampl i f ie r  then provides bit shift s ignals  t o  the command 

Following an  in te rva l  sufficient t o  allow the buildup of clock pulses  in 
the sa t e l l i t e ,  the command is t ransmit ted.  The o r d e r  s t r u c t u r e  is: 

bi ts  1-4 
b i t s  5-11 

word synchronization and a d d r e s s  
data o r  command b i t s  

Each  of the redundant decoders  has  a s epa ra t e  digital  add res s .  
a d d r e s s  is de tec ted ,  a latching enable switch is c losed ,  which connects  c o m -  
mand power to  the r e s t  of the decoder .  
the command reg i s t e r .  
n o r  a z e r o  tone is t r ansmi t t ed  a f t e r  the l a s t  data  bit. 
with ne i ther  f requency p r e s e n t ,  the shifting s tops a f t e r  the l a s t  data  bit is 
received.  

When this  

The command is then shifted into 
The block d iagram is drawn as suming  ne i ther  a one 

Since the clock s tops  

As in Syncom I, the commands a r e  verified via t e l eme t ry  p r i o r  t o  
execution. Af te r  ver i f icat ion,  execution is accomplished by t ransmi t t ing  a 
tone s e p a r a t e  f rom e i the r  the ones or  z e r o s  tone. Execution commences  
with r ece ip t  of this  tone and lasts as long as the tone is present .  When the 
tone is removed,  execution c e a s e s  and the t ra i l ing edge r e s e t s  the enabie 
swi tch ,  turning off decoder  power. 
t i m e ,  a vital  requi rement  f o r  Syncom. This  type of execution is not ava i la -  
ble  in  present ly  planned s tandard  equipment,  but f rom p re l imina ry  ana lys i s  
of s t anda rd  equipment specif icat ions i t s  inclusion could be accomplished by 
a s i m p l e  adaptation t o  exis t ing s tandard ground stations.  

This technique p e r m i t s  execution in real 
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Backup Mode. The audio de tec tor ,  which genera tes  the bit shift 
clock in  the sa te l l i t e ,  is used t o  dr ive  a biased de tec tor  with a l a r g e  t ime  
constant.  
imate ly  5 seconds,  this  biased de tec tor  changes s ta te .  This  s ta te  change 
tu rns  on the enable switch and changes the command r e g i s t e r  operat ion t o  
count r a the r  than shift. 
by counting e i the r  the ones tone o r  the z e r o s  tone as in Syncom I. 
and verification a r e  accomplished a s  in  the p r i m a r y  mode. 

If the bit synchronization wave on e i ther  tone i s  left  on f o r  approx-  

The commands can then be en tered  into the r e g i s t e r  
Execution 

Modified Requirements .  Modifications of the command subsys tem 
a r e  being considered.  These  a r e  concerned with the command capabili ty t o  - 
f i r e  the gas  je t s .  
a subassembly included in  the phased -a r r ay  antenna control  e lec t ronic  sub -  
s y s t e m ,  has  been designed t o  pe rmi t  command initiation of a gas  j e t  pulse  
a t  any angle ( 0 . 7  deg rees  resolution) re la t ive t o  the spacecraf t - to-sun  d i r e c -  
tion. 
pulse  initiation angles  a r e  reduced. Considerat ion i s  being given to  p e r m i t  
initiation a t  only two angles ,  f 90 degrees  f rom the antenna beam direct ion.  
A modification i s  a l s o  planned which will pe rmi t  e i the r  o r  both gas  j e t s  t o  be 
operated during a rotation of the spacecraf t .  

The c u r r e n t  engineering model  of the f i r e  angle- gene ra to r ,  

Simplification of the command subsys tem re su l t s  if the number  of 

Decoder Interface.  The decoder  r ece ives  the following inputs: 

1) N R Z  f o r m a t ,  f requency dr i f t  keyed digital  wave t r a i n  

2) Execution tone 

The decoder  provides  th ree  types of outputs: 

1) F o r  the control  of power t o  o ther  subsys t ems ,  the decoder  
provides  normal ly  open t r a n s i s t o r  switches which can  be 
shor ted  t o  a negative voltage upon command 

2) The decoder  provides  posi t ive voltage logic  s ignals  fo r  the 
f i r i n g  of the control  j e t s  

3 )  The decoder  provides  posi t ive voltage logic  s igna ls  t o  the 
pha s ed -a r ray c ont r ol e l  e c t r onic s fo r  positioning and 
adjusting the antenna beam 

ORBIT ANALYSES AND SPACECRAFT DYNAMICS 

A s  cent Guidance E r r o r  Es t ima te  

Recent revis ions and co r rec t ions  of the ini t ia l  a scen t  guidance e r r o r  
e s t ima tes  have resul ted in the downgrading of the requi red  velocity c o r r e c -  
t ions f r o m  370 (Reference  2-4)  t o  approximately 250 f p s  (3  cr). 
has  been cor robora ted  by the final Lockheed r epor t  (Reference  2 - 5 ) .  

This  value 
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Analytical Thrus t  -Misalignment -Model Check 

An analytic model (Reference 2 -6 ) ,  to  predict  the effects of th rus t  
misa l ignments  of the third-s tage (apogee) moto r  was  checked against  machine 
r e su l t s  given in Section 7 of Reference 2-6. 
quent att i tude change a 1  
spacecraf t ,  the rotation y 1 
induced nutation angle 81.  Using assumptions comparable  with those of 
Reference  2-6 (e .  g. impulsive tailoff), reasonable and conservat ive a g r e e -  
men t  is obtained except in the prediction of the postburnout nutation angle. 
The model  pred ic t s  a nutation angle ranging f rom 0. 83 to  4. 8 d e g r e e s ,  while 
that indicated in Reference 2-6 is - 1 .2  degrees .  The l a r g e r  model  value is 
due t o  maximizing the magnitude of the model. A fu r the r  check with machine 
r e su l t s  of Syncom I misal ignment  studies using l inear  tailoff, Reference 2 - 8 ,  
shows a m o r e  conservative value in nutation angle prediction ( - 2 . 6  degrees  
f r o m  the model  ve r sus  1. 9 degrees  f rom numer ica l  computation). 
prediction of 

The model  pred ic t s  the subse-  
of the angular momentum vector  of the spinning 

of the incremental  velocity vec to r ,  and the 

Model 
1 a g r e e s  with that of Reference 2-8 within -0. 1 degree .  

This model may  be used as a prel iminary tool t o  de te rmine  thrust  
misa l ignment  effects for  var ious apogee motor  design studies.  

ELECTRICAL P O W E R  SUBSYSTEM 

Genera l  

e lec t r ica l  power i s  supplied t o  the spacecraf t  bus 
si l icon s o l a r  cel ls  and hermetical ly  sealed nickel 

F igu re  2-5 for  the e lec t r ica l  s y s t e m  schemat ic . )  

The so la r  a r r a y  f o r m s  the outer cylindrical  su r f ace  of the spacecraf t .  
F o r  convenience of manufacturing and handling, the so l a r  a r r a y  has  been 
divided into sixteen sepa ra t e  panels. Each panel is approximately 22 by 25 
inches encompassing one-half the length of the spacecraf t  and 45 degrees  of 
a r c  on the cylindrical  surface.  

F o u r  6-ampere-hour  nickle-cadmium bat te r ies  a r e  installed to  p ro -  
vide e l ec t r i ca l  power fo r  t ransient  demands that exceed the s o l a r  panel output 
capabili ty,  and fo r  e lectronic  subsystem operation during the ecl ipse portions 
of the orbit .  

Each  bat tery is charged  with a separa te  boost type of charging 
regula tors  . 

As surnptions 

1) Leakage cu r ren t  of subsystem post regulators  
"ON" mode 3 .  5 ma 
"OFF" mode negligible 
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2) TWT efficiency - 30 percent dc-rf  
T W T  fi lament - 1. 3 watts  at 24 volts 
TWT conver te r  efficiency (high voltage and fi lament) - 90 percent  

3) Battery charging r a t e  and charging efficiency based on: 

Two ba t te r ies  capable of supplying complete  spacecraf t  e lec t r ica l  
load during ec l ipse  

Available ba t te ry  charging t ime 22. 85 hours /orb i t  min imum 

Battery discharging t ime 1.15 hour s /o rb i t  maximum 

4) N - P  low resis t ivi ty  si l icon so la r  ce l l s  employed with 9 percent  
efficiency minimum 

5) Solar cel l  efficiency is based on the following conditions: 

Ai r  mass z e r o  

. 006 fused s i l ica  cover  sl ides with ultra-violet  f i l tering 

Solar intensity 139 m w / c m L  

Design Requi rements  

Solar  panel t e m p e r a t u r e  

no rma l  incidence 75f:0 O F  

oblique incidence B = 2 5 O  60':0 F 

B = 0 0 

0 

Battery t e m p e r a t u r e  range 4 0  - 100°F 

Bus voltage 
regulators  . > -26 volts at the input to  the electronics  s y s t e m s  post 
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Elec t r ica l  Loads 

Subs y s tem 

Telemetry 

C om mand re c e ive r s 

Encoder  

Antenna electronics  

C ommunic a t  ion s receive r 

TW T (4  -watt) 

Bat tery charging 

Total bus load 

Solar  Array  

Number Total 
Bus Load Units / Number ma/ 

Quadrant Operating Unit ma 

2 1 24 5 24 5 

2 8 27 216 

2 1 27 27 

1 1 650 650 

2 4 75 300 

3 During orb i t s  2079 

4 During orbi ts  2772 
with ec l ipse  

with out e c l ips  e 

2 

4 

During orb i t s  84 0 
with ec l ipse  
During orb i t s  300 
without ecl ipse 

During orb i t s  5007 
with ec l ipse  
During orb i t s  5100 
without ecl ipse 

The so la r  a r r a y  is composed of 22,240 1 by 2 cent imeter  n-p si l icon 
s o l a r  ce l l s  connected in 128 se r i e s -pa ra l l e l  groups as shown in F igu res  2-6 
and 2-7 .  
bus with two blocking diodes in paral le l .  
connections have been used t o  inc rease  the e l ec t r i ca l  power sys tem 
reliabil i ty . 

Each se r i e s -pa ra l l e l  group is connected to  the spacecraf t  e l ec t r i ca l  
Se r i e s -pa ra l l e l  s o l a r  cel l  i n t e r -  

Within the physical constraints  of the spacec ra f t  envelope, it i s  POS- 
sible to  install  the so l a r  ce l l s  on each panel in such a m a n n e r  as to  provide 
the des i r ed  28-volt output with a single row of s o l a r  ce l l s  extending f r o m  the 
top t o  the bottom of each panel. Only by developing the en t i r e  bus voltage in 
this manner  i s  it possible to  provide suff ic ient  paral le l ing of ce l l s  to  enhance 
sys tem reliability. Had i t  been necessa ry  to  use m o r e  than one row of ce l l s  
t o  generate  sys tem bus voltage,  paral le l ing of ce l l s  would have been i m p r a c -  
t ical  due to  the result ing d i f fe rence  of individual ce l l  i l lumination. 
e lec t r ica l  charac te r i s t ics  a r e  shown in F igu re  2-8. 

A r r a y  
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F i g u r e  2-7.  Solar  Cell  Mounting Figure  2-8. Solar  A r r a y  Charac t e r i s t i c s  
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N-p low resis t ivi ty  ce l l s  a r e  approximately 10 t imes  m o r e  res i s tan t  
t o  radiation damage than p-n type cel ls .  Although high resis t ivi ty  n-p ce l l s  
have even g rea t e r  radiation res i s tance  than low resis t ivi ty  types,  the i r  out- 
put voltage is significantly lower  and the i r  use would necess i ta te  a 10 percent  
i nc rease  in spacecraf t  length to  accomplish the des i red  s e r i e s  -paralleling 
connection of cells.  

Bat te r ies  

Four  24-cell nickel cadmium ba t t e r i e s ,  each rated a t  6 a m p e r e -  
hour s ,  a r e  installed on the spacecraf t .  Twenty-three s e r i e s  -connected ce l l s  
would be required to  furnish the minimum bus voltage requirement  (26 volts) 
during eclipse.  One additional cel l  has  been added to  each ba t te ry  to  accom-  
modate a single cel l  fa i lure  (shorted) .  

Rectangular cel ls  with both the input and output te rmina ls  e lec t r ica l ly  
insulated from the ce l l  c a s e  will be used. Elec t r ica l  insulation of the t e r m i -  
nals  f rom the cel l  c a s e  provides m o r e  adequate and uniform the rma l  conduc- 
tion to  the spacecraf t  s t ruc tu re .  This resu l t s  in m o r e  uniform ba t te ry  cel l  
t empera tu res ,  hence potentially increased  sys tem reliabil i ty.  The use  of 
ce l l s  with rectangular  construction adds additional weight to the spacec ra f t .  
This additional weight i s  required to  prevent deformation of the cel l  c a s e s  
as a result  of internal  p r e s s u r e  buildup during sustained per iods of 
overcharging. 

The General  Elec t r ic  Company is investigating the addition of a 
sensory  electrode,  which senses  oxygen p r e s s u r e ,  fo r  charging control .  ,, 
The signal produced can be easi ly  used t o  provide bat tery charge  l imi t ing , ) ,  
thereby maintaining internal  cel l  p r e s s u r e s  low enough to  pe rmi t  usage of 
l ighter  weight spacecraf t  installation hardware .  
development will be monitored by Hughes f o r  possible  application to  the 
SYNCOM I1 program.  

, ' 
f.)' 

This sensory  e lec t rode  9 

Battery Charge Regulator 
\ ;I 
'$ 

< .  

i- 
Battery charge  regulators  used f o r  Syncom I1 will be of a boost type 

as  opposed to  the l o s s  type cur ren t ly  employed in the Syncom I design. , 

The 24-cell  ba t te r ies  used requi re  charge  ba t te ry  t e rmina l  voltages 
in excess  of 36 volts. Syncom I ba t te ry  charge  voltage is available only at, -l 

t imes  of reduction in e lec t ronics  load demands.  
charging regulator p e r m i t s  bat tery charging continuously f rom the s o l a r  
panel which a t  the s a m e  t ime  minimizes  the total  number  of s e r i e s  s o l a r  
cel ls  required.  U s e  of a boost type regulator  allows so la r  panel design to  
be based on the minimum voltage input t o  the e lec t ronics  subsys tems ( -26  
volts) ra ther  than the high bat tery charge  voltages required.  

, . i  ) , 
,. :. i 

'!) .*, ' i 
<\ 

, '  
The use  of a boost type o f \  1 

> :  
i 

. '. . 
\. . 1 
( i  
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SYSTEM RE LIABILITY STUDIES 

, 

Reliability Assu rance  

I 

Reliability a s su rance  requirements  have been p repa red  fo r  incorpo- 
ration into the Syncom Mark  I1 performance  specifications.  Detailed r e l i a -  
bility requi rements  fo r  each ma jo r  subsystem have been defined to guide 
design, facil i tate monitoring and development controls ,  and provide a bas i s  
for  tes t  planning and evaluation. The subsys tem requirements  are:  

Communications.  The mean-t ime-to-fai lure  fo r  a t  l eas t  one of four 
t ransponders  providing successful communications shal l  be th ree  y e a r s  for  
the multiple a c c e s s  and two yea r s  for  the frequency t ranslat ion mode of 
operation. This minimum requirement for  communications success  is based 
upon continuous operation in e i ther  mode, i. e. , a 100-percent duty cycle ,  of 
a l l  available communicat ions t ransponders .  
fa i lure  includes the effect of boost and synchronization -orientation upon the 
orbital  communicat ions phase. 

The specified mean- t ime- to-  

Tracking and Telemetry.  The spacecraf t  shal l  provide an  operable 
te lemet ry  s y s t e m  during the orbital  phase with a mean-t ime-to-fai lure  of at 
l ea s t  t h ree  yea r s .  
during the launch sequence shal l  be at l e a s t  0. 99. 

The probability that spacecraf t  tracking will operate  

Reaction Control Subsystem. The probability that the spacecraf t  
reaction control subsys tem will survive the launch environment shal l  be a t  
l e a s t  0. 999. The probability that the reaction control subsys tem will prop- 
e r ly  orient and maintain velocity cor rec t ions  shal l  be a t  l ea s t  0. 995 fo r  one 
y e a r  with a minimum five-year  l ifetime. 

Power  Supply Subsystem. The spacecraf t  power supply shall  have a 

The probability that the power supply will operate  continu- 
l i fe t ime of five yea r s  and shall be capable of continuous operation 

during ecl ipse.  
ously f o r  t h ree  y e z r s  shall  be 0.95 a s  a design objective. 

Y 

Apogee Motor Subsystem. The apogee moto r  shall  be designed to 
provide a probability of success  of 0. 999 fo r  i t s  specified mission.  

Structure .  The s t ruc ture  shall provide basic support  for  the other 
subsys t ems  of the spacecraf t  and f o r  the attachment t o  the boost vehicle with 
a probabili ty of success  of 0. 999 fo r  five y e a r s .  

Specific requirements  for  a t ime-phased reliabil i ty p rogram have 
been a l s o  delineated f o r  incorporation into the per formance  specification. 
These  requi rements  encompass  the following p rogram elements .  
g r a m  wiii  be organized and schedded  t o  include designated m-ilestones at 
.r.l-: v v I I I L I I  -L 

plan sha l l  be directed toward reliability objectives established f o r  each 
equipment and provide f o r  direction of growth t o  m e e t  ult imate objectives. 

The p ro -  

re?iaSi?ity will be  ebjectively reviewed and reported.  The p rogram 
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The reliabil i ty program plan will include organizational provisions f o r  the 
scheduling and control with t imely and adequate completion of such p roce -  
d u r e s  as design reviews,  requirement  s tud ies ,  fa i lure  mode ana lyses ,  
irlcioctr iriatioii, evaluation t e s t s ,  and f a i lu re  ana lys i s ,  reporting and c o r -  
rect ive action. The reliabil i ty p rogram plan will a l s o  include provis ions 
f o r  vendor selection and monitoring, a rel iable  p a r t s  p rog ram with adequate 
cont ro ls ,  par t s  l i s t s ,  specifications,  and periodic s ta tus  reporting. 

Additional reliabil i ty a s su rance  tasks  have included fu r the r  analysis  
of the Syncom I reliabil i ty data to  de te rmine  what changes in data  acquisit ion 
procedures  a r e  des i rab le  in the reporting sys tem f o r  Syncom Ivlark 11. 

< 

I 
Component acceptance and burn-in requirements  a r e  cur ren t ly  being 

determined,  
bonded s tores  p rogram,  which i s  essent ia l  to the follow-on phase ,  has  been 
initiated. 

An investigation of procedures  f o r  control  of p a r t s  through a 1 
S I  

i 7 ,  , 1 ' \; '1 I .  

I: c !< ,,:' 
Design Analyses 4 7:i ' ,f.* ?i , ;, ,,' 

r-f-' I) k' ,F 
The study initiated to  enhance the reliasfl i ty of the phased a r r ay  

antenna control c i rcu i t s  through improved pa r t s  application and applied 
redundancy a t  functional modes  has  continued. A detailed reliabil i ty analy-  
sis of the initial demonstrat ions model  f o r  this subsystem has  yielded r e l i -  
abil i ty es t imates  f rom which trade-off s tudies  may  be per formed.  
expected that the phased a r r a y  antenna control  c i rcu i t s  design review 
scheduled f o r  ea r ly  January  1963,  will resu l t  in fu r the r  recommendat ions 
f o r  special  studies and circui t  configuration t rade-offs  t o  improve the r e l i -  
abil i ty of this subsystem. 
been maintained throughout the subsys tem and the number  of different pa r t  
types will be kept to  a minimum in subsequent c i rcu i t  modifications.  

It is 

It m a y  be noted that consis tency of p a r t  types has  

The reliabil i ty p rogram during this  report ing per iod has  a l s o  included 
reliabil i ty discussions with cognizant design engineers  and ana lyses  of s e v -  
e r a l  power supply configurations. This effort  has  been d i rec ted  toward the 
optimization of the so l a r  e lec t r ic  panel layout f o r  maximum power output, 
e a s e  of fabrication through simplification of interconnect ions,  enhancement 
of reliability through para l le l  redundancy of s t  r ings and minimum cos t .  
P romis ing  power supply configurations in  addition to  that se lec ted  will  be 
given fur ther  detailed ana lys i s ,  including both n-p and p-n s o l a r  cel l  types 
f o r  the pznel, and examined f o r  high reliabil i ty using the bes t  avai lable  
fa i lure  data and analysis  techniques. 

TEST EQUIPMENT 

Specification fo r  the Advanced Syncom ground support  equipment has  
been prepared  f o r  inclusion in the s y s t e m  per formance  requi rements  spec i -  
f ication. This specification includes requi rements  f o r  genera l  design func - 
tional tes t  and support ,  e l ec t r i ca l  and physical  design,  reliabil i ty cont ro l ,  
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and se rv ice  conditions. 
equipment has  a l so  been prepared.  
the sys tem tes t  equipment has  been l is ted and special  panels have been 
defined in general  t e r m s .  

A prel iminary descr ipt ion of the planned sys t em t e s t  
Commerc ia l  t es t  equipment required f o r  

; 

I Testing of Syncom I1 Transponder  Multiple Access  Mode 

This section p resen t s  prel iminary requi rements  f o r  checkout of the 
multiple a c c e s s  mode of the communication t ransponders .  Included a r e  

I descr ipt ions of s y s t e m  t e s t s ,  a prel iminary equipment l i s t ,  and a t e s t  equip- 
I "-. ;$ 

\ ment  block diagram. 
r:.r L. 
'. -. '* 

, .'\ Test  Concept. The t e s t s  formulated provide checkout with a c c e s s  t o  
the spacecraf t  through the transmitt ing and receiving antennas only. 
t e s t s  studied to  date provide an indication of the operational s ta tus  of the 
t ransponder .  Wherever  pract ical ,  ground station equipment is specified fo r  
tes t  equipment. 
will be identical to the ground communication station equipment. 
unique special-purpose t e s t  equipment requirements  a r e  minimized and 
spacecraf t -ground station compatibility i s  verified. 

The 

Thus,  the single sideband exc i te r  used in the tes t  equipment 
Thus 

System Tes t s .  It is anticipated that the following t e s t s  will be 
required to  ver i fy  the operational capability of the multiple access  mode of 

a c c e s s  t o  the spacecraf t  will be l imited to  the t ransmit t ing and receiving 
antennas a s  indicated in Section 11. 

I the Syncom 11 transponder .  Except where specifically stated otherwise,  

I 1) Receiver  Sensitivity and Dynamic Range. The sensit ivity of the 
multiple a c c e s s  rece iver  can be checked by monitoring the space-  
c raf t  response to  a low level SSB signal. 

~ 

The spacecraf t  R F  signal can be monitored directedly on a 
spec t rum analyzer ,  and/or  the demodulated signal can be moni -  
to red  on an oscilloscope. 
transponded signal may a l so  be checked. 

The readability of a voice-modulated 

The dynamic range of the multiple a c c e s s  mode rece iver  
can be checked by monitoring the spacecraf t  response to a high 
level SSB signal. Again, the spacecraf t  R F  signal can be moni-  
to red  direct ly  on a spec t rum analyzer ,  and /o r  the demodulated 
signal can be monitored on an oscil loscope. 
sho-dd be nc evidence nf r e c ~ i v e r  ssti iration fo r  input signal leve ls  
of l e s s  than a given magnitude. 

In e i ther  c a s e ,  t h e r e  

The low level  and high level  SSB tes t  signals will be p ro -  
vided by the tes t  equipxielit f i .G im a var iable  power nutput 
generator .  
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Transponder  Bandwidth. 
transponder can  be checked by monitoring the spacecraf t  r e sponse  
t o  a wideband (5 -mc)  SSB signal on a spec t rum analyzer .  
wideband SSB signal will  be provided by the t e s t  equipment, and 
two kinds of wideband s ignals  could be genera ted  depending upon 
the sideband information desired:  

The bandwidth of the mult iple  a c c e s s  

The 

The f i r s t  s ignal  would have sidebands cor responding  t o  t h r e e  
o r  m o r e  channels.  A s  a minimum requ i r emen t ,  sidebands 
should be genera ted  at the e x t r e m e  ends and middle of the 5 -mc  
a s  during actual  ground station operation. A m o r e  complete 
check would be obtained with 600 sidebands uniformly spaced  
throughout the en t i r e  5-mc band. 
many s idebands will  depend upon the m a n n e r  in which the chan- 
nel and group c a r r i e r s  a r e  der ived in the multiplexing 
e quipm ent  . 

The feasibi l i ty  of generat ing 

A second type of wideband signal would be frequency-swept 
a c r o s s  the en t i r e  5-mc band. 
by dr iving the microwave modulator with a frequency swept 
signal.  
requirement  f o r  a sweeping genera tor .  

Such a s ignal  could be obtained 

This  a l ternat ive h a s  the disadvantage of introducing a 

Phase Modulation Index. 
modulated spacecraf t  re turn  signal will  be checked while pro-  
viding an  SSB input s ignal  having specif ied modulation and f r e -  
quency cha rac t e r i s t i c s .  The SSB signal sha l l  b e  specif ied s o  as  
to check the phase modulator under  the "worst  ca se"  conditions. 
A spertri im a n A l y e e r  shoidd be s i~ i t ah le  f o r  monitoring the modu- 
lation index although it  may  a l s o  be monitored a t  the demodulator 
output. 

The modulation index of the phase -  

Power Output. 
a n  R F  power m e t e r  t o  ver i fy  that the t r ansponder  is del iver ing 
rated output power. 
with a spec t rum ana lyze r  a t  this  t ime.  

Transponder  output power will  be m e a s u r e d  with 

The power spec t rum can  a l s o  be checked 

Frequency Stability. 
transponder can be checked by monitoring the r e c e i v e r  m a s t e r  

Frequency s tabi l i ty  of the mult iple  a c c e s s  

osci l la tor  and t r a n s m i t t e r  m a s t e r  osc i l la tor  and comparing to  a 
very s table  frequency source .  
provided. 

Access  to  the spacec ra f t  m u s t  be  

Int  e r m  odula t ion Distor t  ion. 
checked by two tes t s :  

Int e rmodulat  ion d is tor t ion  m a y  be  

a) Wideband Noise Modulation - The t e s t  equipment will  genera te  
an  SSB signal  which has  been modulated by wide-band noise  
containing a nar row no i se l e s s  window. When the spacecraf t  
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r e t r ansmi t s  this t e s t  signal, intermodulation components will  
appear  i n  the noiseless  window. 
positioned a t  var ious frequencies a c r o s s  the 5-mc band. 
spec t rum analyzer  will  be used to de te rmine  the intermodulation 
frequency components occurring a t  each position of the window. 
The demodulated output present  i n  the audio channel cor respond-  
ing to the noiseless  window can  a l so  be moni tored  for  in te rmodu-  
lation components.  

The noise less  window wil l  be 
A 

b )  Audio Modulation - The test  equipment wil l  generate  an  SSB signal 
which has  been modulated with two audio frequency sine waves .  
The sidebands produced by the two audio frequencies  should 
differ by a t  l ea s t  4 kc but l e s s  than 8 kc to s imulate  c l ea r  tones 
located in  adjacent audio channels.  
used to check the spacecraf t  r e tu rn  signal for  intermodulation 
components.  

A spec t rum analyzer  will  be 

Note that both tes t s  give a n  indication of dis tor t ion due to 
intermodulation between two o r  m o r e  different audio channels.  Inter - 
modulation dis tor t ion due to two frequencies i n  the s a m e  audio chan- 
nel  could a l so  be checked simply by choosing the two frequencies  such 
that the result ing sidebands differed by l e s s  than 4 kc.  

7)  Noise F igure .  Reference  Z-9 shows that the m a j o r  component of t r a n s -  
ponder noise will  be contributed by the SSB rece ive r .  
noise figure check of the SSB rece iver  would be effectively a noise 
check of the t ransponder .  
power m e t e r ,  and a t e s t  point a t  the output of the IF amplif ier .  

Therefore ,  a 

Such a t e s t  would requi re  a noise generator,  

Since r ece ive r  sensitivity o r  transponder functional p e r f o r m -  
ance wil l  be checked on a sys tem bas i s ,  i t  m a y  not be n e c e s s a r y  to 
m e a s u r e  noise figure except in unit t e s t s .  

8)  Image Response.  Image response can be checked by observing the 
t ransponder  output spec t rum result ing f r o m  a n  SSB input signal 
corresponding to the image  frequency of the t ransponder .  
r e su l t s  of this t e s t  could be expressed  in  t e r m s  of a n  image reject ion 
rat io  which m u s t  exceed some specified minimum value. 

The 

Block Diagram.  The tes t  equipment block d i ag ram in F igure  2 -9  
shows the equipment n e c e s s a r y  to check out one multiple a c c e s s  transponder 
of the Syncom 11 spaceci'aft.  
to check out the remaining three t ransponders .  

Soriie dup?icat i~r? c?f tes t  eqnipment is required 
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Assuming that f o r  t e s t ,  it is not necessa ry  t o  operate  two o r  m o r e  
t ransponders  s ixu l taneous ly ,  only the following equipment need be duplicated 
f o r  each transponder:  

a) Microwave dr ive  to  balanced m i x e r  

b) Microwave sideband f i l t e r  

c) Microwave f i l t e r  of P M  rece iver  

d) Local osci l la tor  signal of P M  rece ive r  

If it is des i rab le  t o  t e s t  simultaneously m o r e  than one t ransponder ,  
the en t i r e  block d iagram mus t  be duplicated with the exception of the follow- 
ing equipment: 

a)  First and second audio genera tors  

b) Channel modulator  and demodulator ( i t  is a s sumed  this  equipment 
has a 12-channel capacity) 

c )  Group modulator  and demodulator ( i t  is a s sumed  this equipment 
h a s  a 5-group capacity ) 

d) Xoise genera tor  and nar row band r e j ec t  f i l t e r  

e )  Power m e t e r ,  oscdloscope,  and spec t rum analyzer  

Test  Equipment Required. Tes t  equipment expected t o  be requi red  
fo r  testing the multiple a c c e s s  mode of the t ransponder  is l i s t ed  as  follows: 

System T e s t  Tes t  Equipment Required 

Receiver sensit ivity and 
dynamic range 

Transponder  bandwidth 

Phase  modulation index 

Power  output 

) See note below SSB gene r a t o r  
P M  rece ive r  

J 

Spectrum analyzer  / oscil loscope 
P o w e r  m e t e r  

SSB gene r a t o r  
S pe c t r  urn ana ly z e r 
(optional equipment - sweeping 

gene r a t  o r )  

SSB gene r a t  o r  
Spec t rum analyze r 

SSB gene r a t  o r  
P o w e r  m e t e r  
Spec t rum analyzer  
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System Tes t  

Frequency  stabil i ty 

Int e rm o d d  a t  i on di s t o r  t i on 

Noise f igure 

I 

I 

Image response 

Tes t  Equipment Required 

Stable reference frequency 
source  

Noise generator  (VHF range) 
Narrow band re jec t  f i l t e r  
SSB gene r a to r  
P M  rece iver  
Spectrum analyzer  

Noise generator  ( 6  KMC range) 
Power  m e t e r  

SSB gene ra t  o r  
Spectrum analyzer  

NOTE: The SSB genera tor  i s  composed of the following pieces  of 
equipment: 

Audio genera tors  (2  required) 
Microphone, power amplif ier ,  and loudspeaker 
Volume c o m p r e s s o r  (pa r t  of compander  - 2 required) 
Channel modulator  and c a r r i e r  genera tors  
Group modulator  and c a r r i e r  genera tors  
SSB exci te r  
Microwave balanced mixer 
Microwave c a r r i e r  generator  (6 KMC) 
Sideband f i l t e r  
Va rialle atteiiuat 0 r 
Linear  TWT 
Adaptor fo r  providing hard l ine  connection to  spacecraf t  

receiving antenna (biconical horn) 

The P M  rece iver  is composed of the following pieces  of equipment: 

Adaptor f o r  providing hard  l ine connection to  spacecraf t  

Local  osci l la tor  
4 KMC f i l t e r  
Microwave mixer 
TF preampl i f ie r  and amplifier 
L imi t e r  and discr iminator  
Integrator  
B r oadband amplif i e  r 
Deemphasis  network (if  required) 
Group demodulator  and c a r r i e r  generator  
Channel demodulator  and c a r r i e r  genera tor  
Volume expandor  (pa r t  of companders  - 2 required) 

t ransmit t ing antenna (phased a r r a y )  
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3.  ADVANCED TECHNOLOGICAL DEVELOPMENT 

DUAL MODE TRANSPONDER 

Circu i t s  Common to Frequency Translation and Multiple-Access Transponder  

X32 Multiplier 

Additional X32 mult ipl iers  have been fabricated,  completing a l l  c i rcu i t  
application requirements .  
m e e t  s y s t e m  requirements .  
wil l  be init iated during the next repor t  period. 

Three  of these units have been checked out and 
Fabrication of the bias  supplies for  these units 

X3 Multiplier 

A developmental  breadboard of the X3 multipler (F igu re  3-1) was  com-  

Based on the measu remen t s  made  on this model ,  fabr i -  
pleted during the r epor t  period. 
sect ions throughout. 
cation of the additional units required has  been initiated, using fixed-length 
sections.  

The initial b readboard  employed tunable 

X2 MultiDlier 

Fabr ica t ion  of the f inal  configuration doubler has  been init iated based 
on the testing accomplished on the tunable breadboard previously reported.  

C i rcu i t s  for F M  Freqcency  Translation Transponder  

IF /L imi t e r  (25 m c )  

A three-  stage breadboard has  been completed which exhibits excellent 
l inear i ty  over the 25-mc bandwidth. 
being constructed to t e s t  reproducibility of this c i rcui t .  
tion I F  ampl i f ie r  will employ six stages to obtain the  required gain. 

An additional th ree-s tage  section i s  
The final configura- 
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Dual F i l t e r  Hybrid (21 12 m c )  

Delivery of t h ree  f i l t e r s  for  the dual  f i l t e r  hybrid (F igu re  3-2)  h a s  been 
completed.  
re turned  to the vendor.  

One f i l t e r  fa i led to p a s s  the Hughes acceptance t e s t s  and was  

Specifications a r e  as follows: 

Center  f requency (fo)  

Inser t ion lo s s  ( f  ) 

VSWR (fo)  

Rejection ( f o  f 40 m c )  

Hybrid output ra t io  

Hybrid direct ivi ty  (f,) 

Isolation between f i l t e r s  ( fo  f 40 m c )  

Weight 

0 

2112 m c  

1.25 db max imum 

1. 20: 1 maximum 

40.0 db min imum 

6 . 0  db f 0. 5 db 

20 .0  db min imum 

90 .0  db minimum 

8 ounces max imum 

Dual Single-Sideband F i l t e r  - Diplexer (4080-4170 m c )  

One of t h ree  of the dual single-sideband f i l t e r -d ip lexers  on o r d e r  has  
been del ivered,  and checkout testing i s  under way (F igu re  3 - 3 ) .  
the remaining units is expected during the next r e p o r t  period. 

Del ivery of 

Specifications a r e  a s  follows: 

Frequency ( f l  ) 

Ins e r tion lo s s 

Bandwidth a t  1. 2 VSWR 

Rejection a t  4170 m c  

Frequency ( f2  ) 

Inser t ion loss 

Bandwidth a t  1. 2 VSWR 

Rejection a t  4080 m c  

Weight 

0 

0 

4080 m c  

1 .0  db max imum 

25 m c  minimum 

25 db minimum 

4170 m c  

1 .0  db max imum 

2 5  mc min imum 

25 db min imum 

6 . 5  ounces maximum 

High Level  Mixer  

Modification of Syncom I mixe r  mounts  f o r  compatibil i ty with Syncom I1 
f requencies  i s  under  way. 
i n  this mixer .  

A branch-l ine hybrid i s  being developed f o r  use  
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a)  Assembled  b)  Exploded 

F i g u r e  3-1. B r e a d j o a r d  X 3  Mul t ip l ie r  

F i g u r e  3-2. 3112 r n C  Dnal 
F i l t e r  Hybr id  
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14 db coupler (4224 m c )  

Fabricat ion and checkout of the necessa ry  couplers  has  been completed 
(F igure  3-4). 

Isolator (2112 m c )  

Assembly of one of the i so l a to r s  has  been completed. Tes t s  on the 
a s sembled  isolator  indicate sat isfactory per formance .  
remaining i so l a to r s  is i n  p rogres s .  

Assembly  of the 

Ci rcu i t s  f o r  Multiple- Acce s s Transponder  

I so la tors  (2085 and 2119 m c )  

Assembly of one of the 2119 m c  i s o l a t o r s  h a s  been completed. A s s e m -  
bly of the remaining i so l a to r s  and testing for  c i r cu i t  per formance  adequacy 
wil l  be completed during the next r e p o r t  period. 

Single-Sideband F i l t e r  (2085 m c )  

Delivery of th ree  single-sideband f i l t e r s  (F igure  3-5) has  been com-  
The f i l t e r s  have been tested and m e e t  the following specifications:  pleted. 

Res onant frequency 

Bandwidth 
1 .20  : 1 VSWR 
25.0 db 

Insertion lo s s  

VSWR 

2085 mc  

16 m c  minimum 
110 m c  min imum 

0 .75  db max imum 

1.20 : 1 maximum 

Weight 2 . 5  ounces maximum 

Filter (21 19 m c )  

Delivery of th ree  2119-mc f i l t e r s  h a s  been completed.  The f i l t e r s  
have been tested and m e e t  the following specifications:  

Re sonant frequency 

Bandwidth 
1.20 : 1 VSWR 
50.0 db 

Insertion lo s s  

VSWR 

2119 m c  

6 .0  m c  minimum 
132 m c  maximum 

1.25 db max imum 

1.20 : 1 maximum 

Weight 2 . 5  ounces maximum 
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F i g u r e  3-4.  14 - db Coupler  

a )  2085 mc 

F i g u r e  3 - 5 .  Single-Sideband F i l t e r s  
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Dual Mode Transponder  T e s t  and Demonstrat ion Pane l  

The tes t  and demonst ra t ion  equipment wi l l  p e r f o r m  the following evalu- 
a t ions on the t ransponder:  

1 )  Receiver  sensi t ivi ty  

2 )  T ransmi t t e r  power output 

3 )  Baseband frequency response  cha rac t e r i s t i c  

4) Intermodulation d is tor t ion  

5) Two-way voice demonstrat ion 

These  t e s t s  wil l  Le accomplished as  shown in F igu re  3-6. 
i n  the range of 0. 1 to 5 . 0  m c  a r e  converted to double-sideband suppressed  
c a r r i e r  signals in  the f i r s t  balanced modulator (shown at the upper left i n  
F igu re  3-6). A bandpass f i l t e r  r e j ec t s  the lower sideband, leaving s ingle-  
sideband suppressed  c a r r i e r  s ignals  i n  the 32. 58 to 37.58 m c  range. 
second balanced modulator  converts  this s ignal  to 6390 mc .  
at this  point is  measu red  on a microwave power m e t e r .  
at tenuated and fed to the spacecraf t  t ransponder .  
at tenuation at  this point will  give a m e a s u r e m e n t  of r e c e i v e r  sensi t ivi ty .  

Baseband s ignals  

A 
The power leve l  

The pe rmis s ib l e  deg ree  of 
This  s ignal  is then 

The t ransmit ted s ignal  f r o m  the t ransponder  is  sen t  through a n  at tenu-  
a t o r  and direct ional  coupler to a power m e t e r  to m e a s u r e  output power.  
s ignal  out of the d i rec t iona l  coupler i s  a l s o  sen t  to the r ece ive r .  
de tec ts  the phase-modulated t ransponder  s ignal  and reproduces  the baseband 
s ignals  a t  i ts  output. 

A 
The r e c e i v e r  

Baseband frequency e r r o r  due to t r a n s m i t  osc i l la tor  e r r o r  and t r a n s -  

This c i rcu i t  compares  the frequency of a 284 kc s ignal  i n se r t ed  a t  
ponder local  osc i l la tor  e r r o r  is co r rec t ed  by a n  automatic  f requency control  
c i rcu i t .  
the baseband input with that of the s a m e  284 kc s ignal  a t  the r ece ive r  output. 
A dc  cor rec t ion  s ignal  i s  produced which is propor t iona l  to the frequency 
difference of these two signals.  This  dc  e r r o r  co r rec t ion  voltage is  fed to a 
va rac to r  diode c i rcu i t  which pulls the c r y s t a l  osc i l la tor  f requency,  thereby 
cor rec t ing  e r r o r s  in  the sys tem.  

The baseband frequency response  cha rac t e r i s t i c  i s  tes ted  by a genera tor  
having a crystal-control led s ignal  eve ry  100 kc over  the range f r o m  0. 1 
to 5. 5 mc.  
Thz detected output of the spacec ra f t  t ransponder  is  m e a s u r e d  over  the base -  
band range to de te rmine  i t s  cha rac t e r i s t i c .  

This s ignal  is fed to the baseband input of the t e s t  t r a n s m i t t e r .  

Intermodulation dis tor t ion i s  m e a s u r e d  by m e a n s  of a Marconi  Ins t ru-  
This equipment  has  been rece ived  men t  Type OA1294B white noise  t e s t  set .  

and checked out. 
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A demonstrat ion of two-way voice communication is made  by use  of two 
single-sideband t r ansmi t t e r - r ece ive r  units. 
single- sideband signal in the baseband region. 

These units generate  a receive 

Design of these i t ems  is essent ia l ly  complete. Delivery of m o s t  long- 
lead-t ime i t e m s  i s  scheduled in  the f i r s t  half of J anua ry  1963. 

P rob lem A r e a s  

Sideband Filter - 32 to 37 mc.  This i t e m  will  requi re  s e v e r a l  weeks of 
development. 
near  the c a r r i e r ,  while maintaining a high percentage bandwidth. 
r equ i r emen t  precludes a c rys t a l  lattice configuration, i t  wi l l  be accomplished 
with L-C c i rcu i t s .  

The m a j o r  problem a r e a  is  the requi rement  fo r  fast rolloff 
Since this 

Rece iver  Discr iminator  - 70  mc.  
nals r e m a i n s  to be developed. 
a 25 m c  span  centered on 70 m c  i s  required.  
a r e  being investigated. 
Inc. ,  has  been init iated,  but delivery schedules have not been finalized. 

A detector for  phase-modulated s ig-  
A discr iminator  having l inear  response over  

Severa l  sat isfactory designs 
P r o c u r e m e n t  of this i t em f rom Lenkurt  E lec t r i c  Co. ,  

TRAVE LING-WAVE TUBE 

The effort  during this period was divided into two a r e a s :  to build and 

The inconsistency 
evaluate tubes for  a power output of 2. 5 wat ts  and to modify the p re sen t  
2.5-watt design to achieve a n  output power of 4. 0 watts. 
of the data obtained and reported l a s t  month a f te r  tube No. 384H-7 was  pack- 
aged w a s  t r aced  to a mechanical  fault i n  the output match. This was  cor rec ted  
and the tube was  del ivered on 17 December for  laboratory use.  

At a frequency of 4000 m c ,  this tube had the following per formance  
c ha rac  te  ri s t ic s : 

Output power 

Gain 

Efficiency 

2. 5 watts 

24 db 

25.3 percent  

Two tubes utilizing the longer helix w e r e  a s sembled  to the prepackaging 
s tage ;  however ,  only one (384H-8) could be tes ted because of a faulty vac-ion 
pump supply used 011 ~ l l e  other ~ c b e .  An atter,pt is q~rrder w a x r  tn repa-ir o r  
change the supply to avoid losing the tube. 
is not ye t  completed, ea r ly  data indicates that the increase  i n  helix length 
r a i s e d  the gain to 35 db a s  planned. 

--I 

Although evaluation of tube 384H-8 

-1- - 1- - l a . _  .- L _  - 11ie rioiix piLcL has  liow been change4 tc? achieve 4. 0 watts  power output 
a t  4000 mc .  
obtain a n  ea r ly  evaluation of the design. 

Construction of tubes utilizing this change is  being expedited to 
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Tube 384H-8, because of good focusing cha rac t e r i s t i c s  a t  high beam 
perveance ,  i s  expected to m e e t  all the requi rements  of the new specif icat ions.  
A m o r e  complete evaluation of this tube i s  being made .  

PHASED ARRAY TRANSMITTING ANTENNA 

A r r a y  Development 

The ver t ical ly  polar ized antennas w e r e  a s sembled  with the phase sh i f te rs  
and power sp l i t t e r ,  and labora tory  t e s t s  of the a s sembly  w e r e  init iated.  
check w a s  made  of the omnidirect ional  pa t t e rn  (without c u r r e n t  i n  the phase  
shif ter  field co i l s ) ;  although difficult to accompl ish  i n  a closed labora tory ,  it 
indicated some la rge  fluctuations. The antenna was  d isassembled  and the 
phase length of each  of the phase sh i f te rs  and cables  was  m e a s u r e d  and 
matched up for  r eas sembly  to give a minimum variation. 
pa t te rn  measu remen t s  w e r e  then repeated,  with m o r e  sa t i s fac tory  r e su l t s .  

A 

The omnidirect ional  

Some pre l iminary  t e s t s  of the direct ional  pa t te rn  w e r e  made  by putting 
a dc  voltage on  the field coils and mechanical ly  rotating the coi ls  to give the 
p rope r  phase shifts.  
i n  the applied voltage and that the bes t  value was  approximately 20 volts.  

It was  noted that the gain var ied  v e r y  l i t t le with changes 

R F  Circu i t s  

P h a s e  Shif ters  

All eight phase sh i f te rs  w e r e  a s sembled  and aligned. The output COUP-  

l e r s  w e r e  positioned to give in-phase  R F  outputs with no c u r r e n t  i n  the coil. 
The coils were  indexed so that,  with dc voltage applied,  they provided in-phase 
outputs. In one c a s e ,  
p a r t s  f r o m  two phase sh i f te rs  were  interchanged to afford be t te r  per formance .  
The isolation between output p a r t s  for  these  breadboard  couplers  was  m e a s -  
u red  a t  about 1 5  db. (This  could be potentially t roublesome since ref lected 
o r  mutually coupled power a t  one antenna can  then be coupled to another  and 
affect  the pattern.  ) The s t r ipl ine couplers  of the engineering model  coupler  
design should el iminate  this  problem. 

The phase lengths and lo s ses  of all eight w e r e  checked. 

An additional problem encountered w a s  that some  of the f e r r i t e s  w e r e  
apparent ly  magnetized both la te ra l ly  and longitudinally. 
gaussed in  an al ternat ing field,  they w e r e  found to ope ra t e  sat isfactor i ly .  
With the no rma l  c u r r e n t  used in  the field co i l ,  the f e r r i t e s  do not become 
magnetized. 

After being de - 

Stripline Sys tem 

A simplified d i ag ram of the s t r ip l ine  output s y s t e m  being designed f o r  
the engineering model antenna is shown i n  F i g q r e  3-7,  for  one coupler  and a 
pa i r  of antennas.  The unit includes a four -probe  waveguide- to-s t r ipl ine 

3-10 



coupler,  two baluns for coupling opposite probes  out of phase,  two matching 
sect ions,  and a 90-degree hybrid. The antennas will  connect to the s t r ipl ine 
by TM connectors.  Due to the geometry involved? there  a r e  a number of 
points where  two s t r ip l ines  m u s t  c r o s s  over.  The c i rcu i t s  wil l  therefore  be 
made  in  two planes with ver t ica l  t ransi t ions connecting them where  necessa ry .  
To facil i tate ear ly  testing of this system, a n  in t e r im  model  is being fabricated 
(F igure  3-8). 
separa te  units. 
two other coaxes will  connect to the antenna. 

The four-probe coupler and hybrid-balun a r e  constructed as 
Four  equal lengths of coax will be used to connect them, and 

Control Rlectronics  

Ci rcu i t  and subsys tem descriptions w e r e  p r e p a r e d  and a reliabil i ty 
es t imate  made  during the r epor t  period for  inclusion in  a design inventory 
covering the phased array control  electronics.  
uled for  3 January  1963. 
quantity and var ie t ies  of components to inc rease  reliabil i ty.  

The design review is sched- 
Studies a r e  continuing on methods of reducing the 

Layout of all c i rcu i t  c a r d s  has  been completed. A t  the end of the r e p o r t  
per iod,  digital  c a r d  a s sembly  was  75 percent  complete  and analog ca rd  
a s s e m b l y  was  50 percent  complete. 
C a r d  checkout equipment will  be completed e a r l y  i n  January.  

Figure 3-9 shows c a r d s  beirg tes ted.  

Waveform Generators  and Amplif iers  

The c i rcu i t s  required f o r  generating excitation to the electromagnet ic  
field co i l s  of the f e r r i t e  phase  shif ters  consis t  of a n  adding network followed 
by 16 waveform genera tors  and power amplif iers .  
is  shown i n  F igure  3-10. 
del ivered to the 16 field coi ls  of the eight f e r r i t e  phase sh i f te rs  associated 
with the antenna a r r a y .  

One channel of this c i rcu i t  
The output cur ren ts  of the 16 power ampl i f ie rs  a r e  

Input and Output Requi rements .  The adding network r equ i r e s  th ree  
input s ignal  voltages as follows: 

The adding network i s  requi red  to produce eight s ine-wave output volt- 
ages ,  as follows: 

L 
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1 _ _ - - _ _ - - - -  --- 
,DIELECTRIC I 

QUARTER -WAVE 

€JALUNS SECTION 

1 

Figure  3 - 7 .  Stripline Output Coupler f o r  
Phased -Ar ray  Phase  Shif ter  

,4 PROBE 
COUPLER 

EQUAL-LENGTH 
COAX CAELES\, 

CONNECTION 
TO TWO 
OPPOSITE 
ANTENNAS 

‘4 EQUAL-LENGTH 
COAXCABLES 

Figure  3-8. In t e r im  Model of 
Stripline Coupler 
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a )  Typical C a r d  b) T e s t e r  

c )  C a r d s  Under T e s t  

F i g u r e  3-?.  Xnteniia Control E lec t ron ic s  
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e l  = E s in  ( 2  r f t )  

e2  = E s in  ( 2  n f t  + 22. 50) 

e 3  = E s in  ( 2  T f t  t 45.0") 

e4  = E s in  (2  Tft  + 67.5') 

= E s in  ( 2  Irft t 9 0 . 0 " )  

= E s in  ( 2  Tft  t 112. 5 " )  

= E s in  ( 2  r f t  + 135. O o )  

= E s in  ( 2  irft t 157. 5")  

e5 

e6 

e7 

e8 

where  the amplitude E is approximately 3. 2 volts and the frequency f is  
approximate ly  1.67 cps.  
each other  by in tegra l  mult iples  of 22. 5 degrees ,  which is 360 d e g r e e s / l 6 .  
Each  of these voltages is applied to the input c i rcu i t s  of two of the 16 waveform 
genera  t o r s  . 

The phase angles of these eight voltages differ f r o m  

The 16 waveform genera tors ,  with their  assoc ia ted  ampl i f ie rs ,  a r e  
requi red  to deliver to the f ie ld  coils the following 16 cur ren ts :  

= I cos  2 T[sin ( 2 r f t ) I  

ft)] 

i 

i2 = I s in  2 r [ s in  ( 2  

i3 = I cos  2 r[sin ( 2  ii f t  t 22. ,501 

i = I s in  2 r[sin ( 2  i if t  + 22.504 

i = I cos 2 r[sin (2ii f t  t 45")] 

i6 = I s in  2 r p i n  ( 2  ii f t  t 45011 

i 7 

i8 

1 

4 

5 

= I cos 2 r[sin ( 2  ii f t  t 67.5")] 

= I s in  2r [s in  ( 2  i i f t  + 67.5")] 

ig - - I cos 2 ??r":-* ( 2  77 ft + 90- 00 I] 
L E ' n  

i l 0=  I s in  2r [s in  ( 2 ~  f t  + 90. 0 ° ) ]  

i 

- 
= I cos 2ir[sin ( 2  iift t 112.5")l 

- I s in  2 r b i n  ( S T  f t  t 112.5")] 

11 

l12 - 
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= 1 cos  Zrr[sin ( ~ T T  f t  t 135.0°)] 

= I s in  ZTT [sin ( 2  IT f t  t 135. O O ) ]  

= I cos  ZIT [sin ( 2  TT f t  t 157.50)] 

= I s in  2 r rb in  (2r r  f t  t 157. So) ]  

13 

14 

15 

16 

i 

i 

i 

i 

The amplitude I is  approximately 37 mi l l i amperes .  

Operation. In the adding network (F igu re  3-11),  the output volt-  
age  e l  i s  obtained by t ransmit t ing voltage ea s t ra ight  through the network 
without changing the phase angle. 
age  e 5 ,  which i s  obtained direct ly  f r o m  voltage eb. Each  of the six other  
output voltages is  obtained by combining two of the input vol tages ,  a f t e r  a t ten-  
uating them to obtain the p rope r  ra t io  of ampli tudes to produce the d e s i r e d  
phase angle of the resul tant .  F o r  example,  e4  i s  obtained by attenuating 
voltage ea through r e s i s t o r  R1, attenuating voltage eb  through r e s i s t o r  R8, 
and combining the two attenuated voltages for  t r ansmiss ion  through emi t t e r  - 
follower Q4 to the output c i rcui t .  Res i s to r  R5 i s  a load r e s i s t o r  which is  
used  for  controlling the ampli tude of the r e su l t an t  voltage e4,  

A similar s ta tement  appl ies  to output volt-  

F igure  3-10 shows the c i rcu i t s  of one complete  waveform genera tor  
and its assoc ia ted  ampl i f ie rs .  
applied to the base  c i rcu i t  of t r ans i s to r  Q1 
In the f igure,  the numbers  TP1 ,  TP2,  e t c . ,  designate  t e s t  points,  a t  which 
voltage waveforms a r e  displayed on an osci l loscope.  
occur r ing  at these  var ious t e s t  points a re  r e p r e s e n t e d  in F igu re  3-12, and 
a r e  labelled with the numbers  of the t e s t  points at which they occur .  In the 
left-hand column, the cu rves  a r e  plotted as functions of t ime .  In the r igh t -  
hand column, the cu rves  a r e  plotted as functions of the input voltage at 
point TP1.  

The 1.67 -cycle  s ine-wave input voltage is 
through r e s i s t o r s  R2 and R3. 

The voltage waveforms 

Trans i s to r s  Q1 and Q2 of F igu re  3-10 a r e  employed i n  a push-pul l  
C la s s  A,  l inear  ampl i f ie r  c i rcui t .  
means  of r e s i s to r  R11, which i s  common to the two emi t t e r  c i r c u i t s .  

The push-pul l  operat ion is obtained by 

In F igure  3-12, the top left-hand cu rve  r e p r e s e n t s  the s ine-wave 
input voltage at  T P 1  a s  a function of t ime.  
r e s i s t o r s  R2 and R3 to the base  c i r cu i t  of t r a n s i s t o r  Q1. 

This  voltage i s  applied through 

The cu rves  labelled TP2  and T P 3  r e p r e s e n t  the a c  output s igna l  
voltages a c r o s s  load r e s i s t o r s  R5 and R6, respec t ive ly .  The co l lec tors  of 
Q l  and Q2 a r e  connected to a full-wave r e c t i f i e r  compr is ing  diodes CR1 and 
CR2. By means  of r e s i s t o r s  R15, R16, R18, and R19, the anodes of these 
diodes a r e  dc-biased in  such a manner  that  diode CR1 p a s s e s  c u r r e n t  during 
the negatiw. half-cycle of the signal voltage at the co l lec tor  of Q1 and diode 
CR2 p a s s e s  c u r r e n t  during the negative half-cycle  of s ignal  voltage a t  the 
collector of Q2. 
line labelled E b l l .  

The dc  bias  i s  r ep resen ted  in  F i g u r e  3-12 by the horizontal  
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Figure  3 -  11. Adding Network 
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Figure  3-12. Voltage a t  Test  Poin ts  ( T P s )  Waveform No.  1 
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The resul tant  output voltage of the full-wave rec t i f ie r  is represented 
by the curve  labelled TP4. It consis ts  of a success ion  of ident ical  half sine 
waves ,  i n  which one half-wave is  received f r o m  Q1 and the next half-wave 
f r o m  Q2. 

T rans i s to r s  Q3 and Q4 of Figure 3-10 a r e  used i n  a push-pull, C la s s  
A, l inear  amplif ier ,  s imi la r  to that comprising Q l  and Q2. The signal volt- 
ages  a t  T P 5  and TP6 have the same fo rm as the voltage a t  T P 4  except that 
the s ignal  voltage a t  T P 5  is r eve r sed  with r e spec t  to the s ignal  voltage a t  
TP6,  due to the push-pull act ion of the amplif ier .  

The col lectors  of Q3 and Q4 a r e  connected to a full-wave rect i f ier  
compr is ing  diodes CR3 and CR4. This rect i f ier  i s  dc-biased, by means  of 
r e s i s t o r s  R32 and R34, at a voltage level halfway between the positive peak 
s ignal  voltage and the negative peak signal voltage. 
resented  in  Figure 3-12 by the horizontal line labelled Eb12. The diodes 
CR3 and CR4 t r ansmi t  only those signal voltages which a r e  negative with 
r e spec t  to voltage Eb12. 
these  diodes. 

This bias  voltage i s  r e p -  

The curve labelled TP7 shows the output voltage of 

In the right-hand curves  shown in  F igure  3-12, i t  can be seen  that the 
voltage a t  TP7 is a s y m m e t r i c a l  tr iangular wave when plotted as a function 
of the input voltage at  TP1. 
modified in  shape by means  of a network consisting of diodes CR6 through 
CR13 and r e s i s t o r s  R41 through R56. 
i n  such a manner  that they begin to draw cu r ren t  a t  var ious voltage levels ,  
causing the output c i rcu i t  of the full-wave rec t i f ie r  to be loaded with additional 
shunt r e s i s t o r s  as the signal voltage increases .  This causes  the output volt- 
age to r i s e  l e s s  rapidly,  with the resu l t  shown in  the bottom right-hand curve 
of F igu re  3-12, i n  which the voltage i s  seen  to be approximately a cosine 
function of the input voltage. 
e = s in(2  r f t ) ,  the output voltage has  the fo rm 

Between TP7 and TP8,  the s ignal  voltage i s  

These diodes a r e  biased by dc voltages 

Since this input voltage has  the f o r m  

= cos 2 -m [sin ( 2  n ft,] e l l  

This is the f o r m  requi red  f o r  supplying cu r ren t  to the assoc ia ted  field coil. 

In addition to the voltage e l l  descr ibed above, i t  is  necessa ry  to 
genera te  another voltage, 

e12 

Since the sine function i s  the same a s  the cosine function except for  a 90- 
deg ree  phase difference,  the curves  represent ing vo?tage as a functic?= ~f 
input voltage f o r  the s ine  function can be derived f r o m  the curves in  the right-  
hand column of F igure  3-12 by shifting all these curves  to the left. The 

3-19 



amount of this shif t  should cor respond to  one qua r t e r - cyc le  of the voltage a t  
TP8.  
F igu re  3-13. 
pendent variable.  This  constant is added by adjusting the dc b ias  voltage in 
the base  circui t  of t r a n s i s t o r  Q1 in the waveform gene ra to r  used  f o r  g e n e r -  
ating e lZ .  

The r e su l t s  of such  a shift a r e  shown in the right-hand column of 
The shift is obtained by adding a sma l l  constant t o  the inde-  

To  make the waveform genera tor  function over  a wide enough range of 
input voltage fo r  generat ing e 
bend in the cu rves  label led Tl% and TP6  in the  right-hand column of F i g u r e  
3-13. The bend is obtained by m e a n s  of 
e lements  CR5 and R 3 5 ,  shown in the schemat ic  d i ag ram,  
voltage a c r o s s  R5 va r i e s  in  a negative direct ion beyond a ce r t a in  l eve l ,  c u r -  
rent  flows through diode CR5 and r e s i s t o r  R35, causing a voltage t o  be applied 
t o  the base  c i rcu i t  of t r a n s i s t o r  Q4. 
a t  the point label led P3 .  
in the left-hand column t o  sag  between points P1 and P 2  instead of being con-  
vex upward. 

, it i s  n e c e s s a r y  t o  provide an  additional 

This additional bend i s  label led P3 .  
When the signal 

The voltage causes  the downward bend 
This  downward bend causes  the curve  label led TP5  

A s i m i l a r  change occur s  in  the voltage a t  TP6.  

In the power ampl i f ie r  and d r ive r  shown in F igu re  3-10, the s igna l  
p a s s e s  through two cascaded  emi t te r - fo l lowers ,  Q10 and Q5,  which a r e  nec -  
e s s a r y  because the sou rce  impedance of the waveform genera tor  i s  s o  much 
higher  than the input impedance of the d r i v e r  of the power ampl i f ie r .  T r a n -  
s i s t o r s  Q6 and Q7 a r e  used in a push-pull ,  C l a s s  A ,  common-emi t t e r ,  l i n e a r  
ampl i f ie r ,  which employs the complementary  s y m m e t r y  pr inciple .  
ampl i f ie r  has inve r se  feedback,  which i s  obtained by r r ~  ans  of a voltage 
divider  consisting of r e s i s t o r s  R63 and R68. 
f o r  controlling the gain of the ampl i f ie r  and f o r  preventing dr i f t  of the dc b i a s  
v ol tag e.  

This 

This  i nve r se  feedback is used 

The output voltage of Q6 and Q7 is applied to  the base  c i r cu i t s  of the 
final ampl i f ie r  s tage ,  which uses  t r a n s i s t o r s  Q8 and Q9 in a C l a s s  AB, 
c omm on - c ollec t o r , l inea  r amplif i e  r , e m  pl oying the c omplem enta  r y  s y m m e  t r y  
principle.  
level  fo r  the corresponding field coil of the f e r r i t e  phase  sh i f te r .  

This ampl i f ie r  amplif ies  the s ignal  c u r r e n t  to  a sufficiently high 

Figure  3 -14 shows oscil loscope pa t t e rns  produced by the var ious  
voltages in an actual  waveform genera tor .  
f i ed  by the numbers  T P 1  through TP8.  

The var ious  c u r v e s  can be ident i -  

COLLINEAR ARRAY RECEIVING ANTENNA 

Vert ical  Polar izat ion 

The receiving antenna cons is t s  of a co l l inear  a r r a y  of bas ic  dipole 
e lements  s e r i e s - f ed  by coaxial- l ine s lo t s .  
cen tered  a t  a f requency of 6301 m c  is requi red .  
u s e  of a " f la red-sk i r t "  dipole basic  e lement  is being invest igated.  
repor t  per iod,  the effect of var ia t ion in f l a r e  length h a s  been m e a s u r e d .  

An operat ing bandwidth of 203 m c  
As  repor ted  l a s t  month,  the 

The 
In this  
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Figure 3 - 1 3 .  Voltage at Test Points (TPs)  Waveform No.  2 
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I )  INPUT ( T P I )  10 v/cm 

COLLECTOR OF QI (TP2)  10 v/cm 

2 )  COLLECTOR OF 91 (TP2) 10 v/cm 

COLLECTOR OF 02 (TP3)  IO v/cm 

3) JUNCTION OF R7  AND R e  ( T P 4 )  5 v/cm 

COLLECTOR OF 03 l T P 5 )  IO v/cm 

4 )  COLLECTOR OF Q3 (TP5)  10 v/cm 

) JUNCTION OF R22 AND R23 (TP7)  5 v/cm 

5 )  JUNCTION OF R22 AND R 2 3  (TP7)  10 v/cm 

JUNCTION OF R31 AN0 SHAPING NETWORK(TP8) 2 v/Cm 

a )  Waveform N o .  1, Independent Variable  = Time 

Figure  3 -  14. M e a s u r e d  Waveforms 
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6 )  COLLECTOR OF PI (TP2) IO v/cm 

COLLECTOR OF 02 (TP3) IO v/cm 

7 )  COLLECTOR OF 01 (TP2) IO v/cm 

JUNCTION OF R 7  AND RB (TP4) 2 v/cm 

8 )  JUNCTION OF R7 AND RB (TP4) 5 v/cm 

COLLECTOR OF 03 (TP5) IO v/cm 

9)  COLLECTOR OF 03 (TP5)  IO v/cm 

JUNCTION OF R22 AND R23 (TP7)  5 v/cm 

IO) JUNCTION OF R22 AND R23 (TP7)  10 v/cm 

JUNCTION OF R31 AND SHAPING NETWORK (TPB) 2 v/cm 

Figure  3-  14 continued. 

b )  Waveform No. 1 ,  Independent Variable = Voltage 

Measured Waveforms 
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I I) JUNCTION OF R7 AND RE (TP4) 5 v/cm 

COLLECTOR OF 9 3  (TP5) 10 v/cm 

12) COLLECTOR OF 03 (TP5) 20 v/cm 

JUNCTION OF R22 AND R23 (TP7)  5 v/cm 

13) JUNCTION OF R22 AND R23 (TP7) 10 v/cm 

JUNCTION OF R31 AND SHAPING NETWORK iTPB) 2 v/cm 

F i g u r e  3-  14 continued. 

c )  Waveform No.  2 ,  Independent Variable  = Time 

Measured  Waveforms 
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14) COLLECTOR OF 01 (TP2)  IO v/cm 

JUNCTION OF R7  AN0 RB (TP4) 2 v/cm 

15) JUNCTION OF R7 AN0 R 8  (TP4) 5 v/cm 

COLLECTOR OF 03 (TP5) IO v/cm 

16) COLLECTOR OF 03 (TP5)  I O  v/cm 

JUNCTION OF R22 AN0 R23 ( T P 7 )  5 v/cm 

171 JUNCTION OF R22 AND R23 (TP7)  IO v/cm 

JUNCTION OF R31 AN0 SHAPING NETWORK (TPB) 2 v/cm 

d)  Waveform No ,  2, Independent Variable = Voltage 
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r e s u l t s  a r e  given i n  Table 3-1 fo r  s e v e r a l  s e t s  of values of dielectr ic  constant  
of the bead ma te r i a l  and gap spacing. 

Insulating 
Mate rial 

F l a r e  
Length 

0.250 h o  

0.500 l o  

0 . 7 5 0  X o  

TABLE 3-1. IMPEDANCE OF FLARED-SKIRT DIPOLES 

Frequency: 6200 m c ;  f l a r e  angle: 40 degrees  

Stycast  HI K ( E  R=4) P lex ig lass  ( E R=2. 6) 
Spacing 

0.050 inch 0.200 inch 0.050 inch 0. 200 inch 

0. 36-j 1. 65 2 .  30 - j l .  95 0. 3 3 - j l .  12 1.  7 7 - j l .  08 

0. 25 - j l .  60 1 . 4 0 - j l .  65 0. 2 2 - j l .  02 1. 09 - j l .  01 

0. 32-j 1. 60 1 .80 - j l .  75 0. 23 - j l .  08 1. 30 - j l .  00 

The data shows that flair length did not mater ia l ly  affect  the input 
impedance. 
reduction in  the reactance component of impedance. 
t e s t s  with a foam bead resul ted in a s t i l l  s m a l l e r  reac t ive  component indicates  
that the shape of the bead m u s t  be modified to obtain a pure  r e s i s t i ve  load to 
the feed line. 
i s  being constructed.  

However, a reduction i n  d i e l ec t r i c  constant of the bead caused  a 
The fac t  that  fur ther  

Such modifications a r e  now being made  and a complete  a r r a y  

During the next repor t  per iod,  the opt imum dimensions of the dielec-  
t r i c  bead will be determined,  and pat terns  of the a r r a y  will  be obtained. 

A scaled vers ion  of the Syncom I t ransmit t ing a r r a y  was fabricated 
and tes ted ;  i t  will s e rve  as  a n  in t e r im  receiving antenna fo r  sys t em t e s t s .  No 
at tempt  was  made at a n  optimum per formance  design; consequently the gain is 
low ( 3  db) and the impedance match cannot be reduced to a n  acceptable  leve l  
over the frequency band requi red .  
f l a r e d - s k i r t  dipole a r r a y .  

I t  will  subsequently be rep laced  by the 

Horizontal  Polarization 

A horizontally polarized cloverleaf a r r a y  i s  under  development for  
possible application to the phased a r r a y  t ransmi t t ing  antenna o r  to  the coll in- 
e a r  a r r a y  receiving antenna. 

A six-element  cloverleaf a r r a y  has  been  fabr ica ted  and tested (F igu re  
The elements  w e r e  additive as  shunt e lements  as  expected; however,  3-15). 
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F i g u r e  3- 15. S ix-Element  Cloverleaf  A . r r ay  
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the a r r a y  was resonant at a frequency of 3830 m c  instead of a t  the design 
frequency of 4080 mc .  
pa t te rns  a t  these two f requencies .  
a t  the two frequencies tested a r e  shown a s :  

F igu res  3-16 through 3-19 show E-plane and H-plane 
The ma jo r  c h a r a c t e r i s t i c s  of this a r r a y  

Charac te r i s t ic  3 8 3 0  rnc 4080 m c  

I 

VSWR 1. 19: l  6. 4: 1 

Omnidirec tionality 0 . 3  db 3 .8  db 

Beamwidth 18. 6 degrees  16. 2 degrees  

Sidelobe level - 9 .  7 db - 6 . 2  flh 

Gain 7 .  6 db (maximum) 1.  7 db (minimum) 

3 . 7  db (maximum) 

At 4050 m c  the presence  of a n  “endfire” beam about 35 degrees  f rom 
the axis  of the a r ray ,down only 6 . 2  db f r o m  the broadside beam,  indicates 
that the suppressor  w i r e s  a r e  not properly located.  A method of obtaining 
a low V S W R  over the des i r ed  frequency band has  not been achieved as  yet .  
The bes t  impedance ma tch  obtained fo r  the s ix-element  a r r a y  over  a 15@ m c  
band centered a t  3830 m c  i s  1 . 8 :  1.  
which wil l  be required i f  the cloverleaf a r r a y  i s  scaled fo r  use  as the col l inear  
a r r a y  receiving antenna. 

This band is  slightly g rea t e r  than that 

Plans for  the next r e p o r t  period a r e :  1) to modify the s ix-element  
a r r a y  to obtain resonance a t  4050 m c ;  2 )  to e l iminate  the endfire  beam that 
occurs  a t  4080 m c ;  3)  to fabr icate  another  s ix-e lement  a r r a y  for  use with 
the present  a r r a y ,  for  mutual coupling measu remen t s ;  and.  4)  to continue 
the impedance matching effort. 

STRUCTURE I 

A majori ty  of the de ta i l  p a r t s  f o r  the T-1 spacecraf t  s t r u c t u r e  have 
been constructed; F igure  3-20 shows a portion of these:  

1)  Panel  attach tee I 
i 
I 2 )  Solar panel st iffener 

3) Quadrant e lec t ronics  - package support  I 

I 4)  Thrust  tube s t r i n g e r  

5) Large outer r ing segment  

6 )  Small  outer r ing segment  

I 
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180 

Figure  3- 16. H-Plane 3830-mc Six- 
E lemen t  Cloverleaf A r r a y  

Gain = 7.6  db maximum 

F igure  3- 18. H-Plane 4080-mc Six- 
E l e m e n t  Clover leaf A r r a y  

Gain = 1 . 7  db minimum 
3 .7  db maximum 

210 150 

180 

Figure  3- 17. E -P lane  3830-mc Six- 
Element  Cloverleaf A r r a y  

I80 

Figure  3- 19. E-Plane 4080-mc Six- 
Element Clove rleaf A r r a y  
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Figure  3-21 shows some of the p a r t s  i n  the a f t  subassembly: 

1)  Thrust  tube stiffener ring 

2 )  Thrust  tube 

3)  Thrus t  tube r ing 

F igure  3-22 shows the th rus t  tube being assembled  with the th rus t  tube r ing ,  
thrust-tube stiffener r ing ,  and 12  s t r i n g e r s  being held i n  place by the a s sembly  
f ix ture .  
thrust-tube and the en t i r e  Syncom I spacecraf t .  

Figure 3-23 shows the s ize  compar ison  between the Syncom 11 

The Lockheed drawing of the proposed spin-table was found to be in 
disagreement  with the Hughes spacecraf t  design; however,  this discrepancy was 
subsequently resolved.  
i .  e .  , clockwise (when looking a t  the t ransponder  antenna end of the spacec ra f t ) .  

The spin direction will r ema in  as  originally planned, 

S t ruc tura l  Analysis 

All of the a s sembly  drawings have been completed and fabricat ion 
init iate d . 

Due to NASA selection of a JPL apogee moto r ,  modification of  the 
present  motor  support  points analysis  w i l l  be made .  
motor  and bipropellant control  sys tem specifications a r e  being reviewed for  
vibration requirements .  

The apogee rocke t  

F r o m  a dynamic analysis  viewpoint, a n  es t imate  of l a t e r a l  f requency,  
using the analytical  model ,  i s  expected by the end of the y e a r .  Influence 
coefficients obtained f rom the s ta t ic  t e s t  s t r u c t u r e  wil l  be used  to r e v i s e  
this es t imate .  

A s t ruc tu ra l  design review is planned for  4 J anua ry  1963. Topics to 
be discussed include: 

1)  Design c r i t e r i a  

2 )  S t r e s s  analysis  

3) Dynamic studies 

4) Static and dynamic t e s t  plans 

5)  Manufacturing considerations 

General  Arrangement  

Revisions of the quadrant e lec t ronics  package space envelope have 
been made  and re leased .  Revisions to  the s t r u c t u r a l  drawings ( to  a g r e e  with 
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LARGE OUTER RING 

SOLAR PANEL STIFFENER ELECTRONICS THRUST TUBE 
DAMAGE SUPPORT STRINGER 

PANEL ATTACH TEE 

F i g u r e  3 - 2 0 .  Syncom I1 S t ruc tu re  Detai ls  

THRUST TUBE 
STIFFENER RING THRUST TUBE THRUST TUBE RING 

F i g u r e  3 - 2 1 .  Exploded View of T h r u s t  Tube 



Figure  3 - 2 2 .  T h r u s t  Tube Assembly  

THRUST TUBE SYNCOM I SPACECRAFT 

Figure  3 - 2 3 .  Compar i son  of S ize  of T h r u s t  Tube 
a n d  Syncom I S p a c e c r a f t  
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the space envelope) a r e  under way. 
facil i tate fabrication of the quadrant e lectronic  packages.  

The r e a s o n  for  these changes is  to 

Drawings for  a dummy 30-inch spherical  apogee moto r  had been 

Necessa ry  revis ions for the J P L  cyl indrical  apogee moto r  a r e  
completed but not re leased  due to the nonspherical  configuration of the J P L  
motor.  
under  way. 

Weight Summary  

The l a t e s t  weight data for the spher ica l  solid-propellant apogee motor  
configuration is  summar ized  i n  Table 3-2. 
through f inal  orb i t  condition s shown in Table 3-3. 

A detailed weight s ta tement  

Weight changes since the l a s t  weight s ta tement  a r e  a s  follows: 

Change 

Bat tery packages and regula tors  - increase  
f r o m  88 to 96 ce l l s  plus change f rom c i rcu lar  
cyl indrical  to rectangular plate ce l l s  

La tes t  e s t ima te  on solar  panel supports,  
includes weight of s t i f feners  

Weight. Dounds 

t24.0 

- 8 . 0  

Spider a s s e m b l y  redesign -1 .7  

Miscellaneous s t ruc tu ra l  changes -I-1.7 

This  r e p o r t  includes the weights of some  detai l  p a r t s  i n  the a f t  
s t ruc tu re ,  now i n  the process  of assembly.  
c lose  a g r e e m e n t  with the calculated weights for  the s a m e  detai ls .  

These ac tua l  weights a r e  i n  

Changes caused by rep lacement  of the solid-propellant mo to r  con- 
figuration f r o m  spher ica l  to acylindrical  shape will  be repor ted .  

HAND LING, WEIGHT , AND BALANCE EQUIPMENT 

During the per iod,  m a j o r  effort w a s  directed toward design and fabr i -  
cat ion of a s s e m b l y  tooling. Main assembly  stand and basic f r a m e  as sembly  
tooling have been completed and a r e  available for  use  pending del ivery of 
the index head, which is due during the f i r s t  week of the next r epor t  period. 
The f ix tures  designed to position and instal l  s t i f feners  (F igu re  3-24)  will  
r e q u i r e  m i n o r  redes ign  because of engineering changes; however ,  this wil l  
not cause  any significant delay. 
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F i g u r e  3-24.  Aft S t r u c t u r e  Assembly F i x t u r e  
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TABLE 3-2. SYNCOM I1 ESTIMATED WEIGHT STATUS 
Solid - Propel lant  Configuration 

Subs y s tem 

Elec t ronic  s 

W i r e  ha rne  s s 

Power  supply 

Controls  

Propuls ion 

Structure  

Miscellaneous 

A Weight':' 

t 1 6 . 0  

F ina l  o r  bi t  condition 

N2 pressur iza t ion  

N2H3 -CH3 fue l  

N2 0 4  oxidize r 

Total  at apogee burnout 

Apogee motor  propel lant  

Total  payload at separat ion 

Weight, pounds 

130.0 

19. 9 
118. 6 
38. 6 
75. 1 

131. 3 

19. 1 

Weight, 
pounds 

(532.6) 

3 . 2  

55. 6 
92.4 

(683. 8)  

631.8 

1335. 6)  

z-z 
23. 5 

23. 5 

24. 5 

0.244 

0 .037  

0.223 

0.072 

0. 141 

0.247 

0.036 

~ 

I Z - z  

52. 3 

60. 9 

7 3 . 5  

0:::::: ::: 

0.097 

0.015 

0.089 

0.029 

0.056 

0.098 

0.014 

~ 

I X - x  

40.4 

44.7 

5 7 . 5  

R I P  

1. 29 

1. 36 

1. 28 

::: = change i n  subsys tem weight since last r epor t .  
r a t i o  of subsystem weight to final o rb i t  condition weight. 
r a t i o  of subsys tem weight to total payload at separat ion.  

J. .L *,..,. = 
_,. .,. = .3, .I, 
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TABLE 3-3. DETAILED WEIGHTS 

Component 

Electronic  quadrants  

Te lemet ry  t r ansmi t t e r  

Traveling-wave tube and 

Antenna electronics  and 

converter  

supports 

Subtotal 

Wire ha rne s s 

Subtotal 

Ba t te r y package s 

Solar cel ls  

Solar  ce l l  supports 

Solar panel s t i f feners  

Subto ta 1 

F u e l  and oxidizer tanks 

Thrus t  chambers  

T h r u s t c ham be r s 

Fill and vent  valves 

Spin control a s sembl i e s  

Spin control  a s sembl i e s  

Lines and fittings 

Mi s c ella neous 

Suhto tal 

Apogee motor  instal la t ion 

Subtotal 

~ 

A Weight, pounds 

t24 .  0 

-8.  0 

t 1 6 . 0  

Weight, pounds 

8 0 . 0  

4 . 0  

16. 0 

30. 0 

19. 9 

75. 8 

22 .  8 

2 0 . 0  

0 

13. 0 

3 .  6 
2 . 6  

1 . 2  

2 . 5  

2 . 5  

2 . 0  

11 .2  

7 5 . 1  

130.0 

19. 9 

118. 6 

38. 6 

7 5 . 1  
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TABLE 3-3 (continued) 

Component 

Thrus t  tube 

Ring t h r u s t  tube 

Ring stiffener 

S t r inger  tube 

Spider a s sembly  

Ribs 

P la t e  panel  a t tachment  

Fi t t ing panel  a t tachment  

Ring, aft 

Bulkhead, aft 

Hardwar  e and miscel laneous 

P a n e l  a s sembly ,  bt l  

Ring, ou te r ,  l a r g e  

Ring, ou te r ,  small 

Ring, i nne r  

Support ,  e lec t ronics  package 

Support ,  e lec t ronics  package 

Hardware  and miscel laneous 

T r u s s ,  j e t  

T r u s s ,  sun senso r  

T r u s s ,  so l a r  panel 

Bulkhead, forward  

T e e ,  panel  a t tachment  

Support ,  e lec t ronics  package 

Sup? o r t e le c tr onic s package 

Hois t  fitting 

Hardware  and miscel laneous 

Hardware  and miscel laneous 

Bat te ry  supports  

Subtotal 

AWeight, pounds 

t o .  2 

+ l .  4 

-0 .4  

-1.7 

-0 .1  

t o .  1 

- 0 . 2  

- 0 . 1  

-0 .1  

0.20 

-0.1 

+o. 1 

0 . 9  

Weight, pounds 

11 .8  

6 .3  

2 . 2  

8 . 0  

3 . 1  

16.8 

0 .4  

2 . 2  

3 . 4  

6 . 6  
1 . 3  

25. 1 

5 . 3  

1 .7  

4 . 4  

0 . 9  
0 . 3  

1 . 3  

2.7 

2 . 3  

4 . 5  

6 . 0  

2 . 4  

1 . 0  

0 . 3  

1. 6 
1 . 3  

3 . 9  

4 . 2  

131 .3  
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Component 

Pa in t  

The rma l  switch 

Nutation damper  

Miscellaneous 

Dynamic balance adjustment 

Subtotal 

A Weight, pounds 

Final  orbit  condition 

N2 pressur iza t ion  

N2H3-CH3 fuel 

N2O4 oxidizer 

Total  a t  apogee burnout 

Apogee motor propellant 

Payload a t  separat ion 

and expendables 

f rom booster 

AWeight, ’ 
pounds 

16. 0 

16. 0 

15. 3 

31. 3 

Weight, 
pounds 

537,. 6 
3 . 2  

55. 6 

92. 4 

683 .8  

651.8 

335. 6 

Weight, pounds 

3 . 0  

4 . 5  

2 . 0  

4 .  6 
5 . 0  

19. 1 

z-z 
23. 50 

23,50 

24.48 

I Z - z  

52.  32 

60.89 

73 .46  

I X - x  

40 .40  

44 .69  

5 7 . 5 c  

R / P  

1. 29 

1. 36 

1. 28 

The mobile assembly  and t e s t  f i x tu re ,  similar in design to the one 
successfully used with the Syncom I s a t e l l i t e ,  i s  approximately 60  percent  
complete i n  design. 
Final  detai l  drawings a r e  being p repa red ,  

The spin t e s t  f ixture design i s  proceeding on schedule.  

Design of the sling for  handling the space f rame  and motor  i s  a l s o  p ro -  
ceeding on schedule.  
a t tachments  will handle e i the r  o r  both the spacef rame o r  the moto r .  

It h a s  been designed so tha t  one basic  sl ing using e x t r a  

HOT GAS REACTION J E T  CONTROL SUBSYSTEM 

Evaluation of prospective con t r ac to r s  f o r  the development of the hot 
gas  reaction j e t  control subsys tem continued during this  r e p o r t  period. Four  
of the seven bidders  w e r e  el iminated a f t e r  compar ison ,  on a point b a s i s ,  of 
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with Hughes to d iscuss  deficiencies i n  their proposals .  
mit ted by the two companies  a r e  current ly  being evaluated. 

Re-proposa ls  sub- 
c o n t r a c t  nego- 

The Statement of Work and Specification for  this  sys t em have been 
rev ised  to include the la tes t  information available on s y s t e m  requi rements .  
Changes made  that have a significant effect on the subcontractor  a r e :  
reduction i n  the tank t empera tu re  range to 40" - 8 0 ° F  ( f rom 0" - 130"F),  and 
2) addition of the r equ i r emen t  for  a spin control  mechan i sm.  

Spin-Rate Control Mechanism and Control System Design 

1) 

Fabricat ion of the sp in- ra te  control mechan i sms  has  begun. Four  
complete  assembl ies  will  be made:  the f i r s t  will  be used for per formance  
and environmental  t e s t s ;  a second and third a s sembly  will  be available for 
spacecraf t  vibration t e s t s ;  the fourth will be used for testing with the hot gas 
sys t em.  
tes ted . 

A viscous bellows damper  has been a s sembled  and is ready to be 

An  analysis  has  been per formed to de te rmine  both the effect of move- 
m e n t s  of the spin-speed control  mechanism on spacecraf t  stabil i ty and the 
effor ts  of spacecraf t  motions on the stability of the spin control  mechanism.  
The coordinate sys t em used in  the analysis is  i l lus t ra ted  in  F igu re  3-25. 

Definition of Variables 

U n i t  vec tors  of spacecraf t  coordinate sys tem;  vector i; 
l i es  along positive spin ax is .  

Unit vec tors  along principal axes  of spin-speed control 
mechanism;  vector E l i es  i n  plane of symmet ry  through 
axial  j e t  th rus t  axis ;  vector T is rotational axis  of 
mechan i sm.  

Distance between spacecraf t  and spin control  mechanism 
cen te r s  of gravity. 

Distance f r o m  m'echanism rotational axis  to center  of 
gravity of m e  c hani sm . 

Angle hetween and 6 ' .  
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L 

Figure  3-25 .  Coordinate Sys tems 
Used in Analysis  
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CY Angle of rotation of mechanism rotational ax is  re la t ive 
to n o r m a l  line drawn f r o m  spacecraf t  r ad ia l  line ( in  
F igure  3-25 Q is measu red  f r o m  vector i). 

Pr inc ipa l  moments  of iner t ia  of the spacecraf t ,  
A A  A 

?, -r 
2 

Y '  I = I , = I  

1, 12' Pr inc ipa l  moments  of iner t ia  of the spin control 
mechan i sm,  I = 12 = I Y 

m 

T 

J e t  mass 

J e t  th rus t  

- Bar  over le t te r  signifies that i t  r ep resen t s  a vector  

H Angular momentum 

Sv s tem Equations 

-Under - the assumpt ion  that the spacecraf t  angular velocity component 
i n  the i, j plane i s  negligible compared to the spin velocity wz , 
component of the angular momentum derivative for the spin control  mecha -  
n i sm,  fo r  small 6 ,  is  , 

the i '  

'2 .. 
- (I t ma2 t mculcosa)  6 - m p l  cos a 6 

v -  

- [ w z  2 - I) - m p 2 w z 2 ]  6 + m p  .t ( - w ' ~  sin@ + w 2 cos a ) = H - i t  z 

The res tor ing  torques a r e  due to  a spring and viscous damper ,  

- - I  

H - i  = ~ ( 6 - w t ~ i  

where  6~ is  the b ias ,  o r  z e r o  torque, position of the spring. Then the 
dynamic response  of the mechan i sm is of the f o r m  

(3-2)  
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B 
- [  K t wz 2 ( I ~ ,  - I) - mp wz “ 1  6 t K 6  

t m p  P (-4 sincrt w coscr = o 
Z Z 

(3  - 3) 

The ro l l  torque exer ted  by the ax ia l  j e t  on the vehicle is 

Lr 011 = - T i  s in  (Y 6 (3-4)  

Under ideal s teady-state  conditions, the ro l l  torque output of the,axial j e t  
is z e r o  when the vehicle spin speed wz 
f r o m  Equation 3-3  we have 

is  a t  i t s  design value w . Thus 
Z 

A 2  

B . - -  K 
c y -  m p l w ,  c o s a  (3-5)  

as the des i red  bias  position of the spring. 

Since the center  -of -gravi ty  displacements  and moments  of iner t ia  of 
the spacecraf t  a r e  negligibly affected by 6 ,  the spacecraf t  ro l l  equation of 
motion is simply, 

where  L r ep resen t s  the dis turbance torques a r i s ing  f r o m  thrus t  misa l ign-  
men t  of tpe axial  and rad ia l  j e t s .  

The ro l l - r a t e  control  sys tem stabil i ty nea r  s teady s ta te  is studied by 
considering Equations 3-3 and 3-6. 
a r e  required:  

The following definitions and assumpt ions  

L 

A 
w = w  t r ; w  = r  

z Z Z 

2 A 2  A 
w = w t 2 r w z  

Z Z 

2 m p  Pcos o! 6 << I t m p  

p 6 <Pea 
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I 

where  r i s  the per turbed ro l l  ra te .  

Equation 3-3 becomes  

(3-7)  
A 

t m p P sin CY E - 2 m p P  wz cos r = o 

The thrus t  of the ax ia l  j e t  is either a t  the constant value T o r  zero.  
When the thrus t  i s  non-zero,  we have, f r o m  Equation 3-6 

A 
L g - I  z E 

6 =  
TP sin CY 

and f r o m  Equation 3-7 

(Iz! - I) - m p  wz 
Z 

2 A  - m p l  T s in  a t 2 m p l  TW cosa sim r 2 }  Z 

2 A  Z 3 A 2  = L~ [. t wz ( I ~ ,  - I) - m p  w 

(3-8) 

(3-9) 

Thus,  during thrusting per iods the smal l  per turbat ions f r o m  steady s ta te  a r e  
charac te r ized  by a th i rd-order  constant coefficient equation. 
c r i t e r ion  for  analyzing the stabil i ty of the equation it is  
c r a f t  stabil i ty is  ensured i f  

Using Rouths' 
found that space-  

2 A  2 1) K > m p  w 
Z 

A 
z ~ ~ ~ ~ P ~  TW c o s a s i n a  2 A  2 z 2) D ( K - m p  wz ) >  

Z 
I 

Design values f o r  the p a r a m e t e r s  indicate a n  ex t r eme ly  wide stability a z ~ g k .  
F o r  condition 1, the m a r g i n  is  about 2 3 : l .  Condition 2 r equ i r e s  that the 
damping force D be only g rea t e r  than 2 . 3 2  x 10-6 f t - lb-sec.  
ponds io  a darnping coefficient 5 of 8 x 10- 6 . This c o r r e s -  

A disturbance torque forces  the s teady-state  solution, 

(3-10) 
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(3-  11) 

of operat ion of 6 ,  

2 mp I T w 2 cos  cysin cy 

C lear ly ,  the f o r m e r  m u s t  be within the un res t r i c t ed  range  
whereas  the l a t t e r  m u s t  be a pe rmis s ib l e  value of s teady-s ta te - ro l l  e r r o r .  

When T = 0 ,  

LD E =r I z 
(3-12) 

where  
the fo rm 

LD is the ro l l  dis turbance torque of the r a d i a l  je t .  The solut iontakes 

LD(t) - T(t )  I sincy 6 ( t )  d t  = f ( t )  1 r ( t )  = r ( 0 )  t r  

Z 0 
I 

and we may r e g a r d  

A 
- m p ~ s i n c y ;  t 2 m p I w  coscyr  = g ( t )  

2 

as a function of t ime.  
the f o r m  

The per turbed  ro l l  s y s t e m  dynamical  equation takes  

(3-13)  

The stabil i ty of this second-order  equation is  a s s u r e d  i f  the s igns of 
the coefficients of the cha rac t e r i s t i c  equation a r e  all posit ive and D # 0 .  

This r equ i r e s  that 

2 A  2 k > m p w  
2 

A 2  The t e r m  w 
c r i t e r i a  for  the spacecraf t  s tabi l i ty  considera.tion and as indicated,  the 
s tabi l i ty  margin  i s  quite high, about 23:l.. When LD = 0 ,  the s teady-s ta te  

(Izl -I) is small and can  be neglected.  This  i s  one of the 
z 

solution i s ,  A 
2 m p B  w- cos cy r 
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At l eas t  one spin-speed control  a s sembly  wil l  be fabricated during 
January.  It wi l l  be subjected to per formance  and environmental  t e s t s  
including centrifuge testing, vibration, and shock. 

Testing of the viscous damper  will be completed, plus any n e c e s s a r y  
redesigning. P a r t s  will  be procured  for the final configuration. 

APOGEE ENGINE LIAISON 

The apogee engine f o r  Syncom I1 wil l  be GFE. J P L  wil l  supply the 
engine, which is  considered a d i r ec t  scale-up of the Syncom I apogee engine. 
NASA has a sked  that Hughes dea l  direct ly  with JPL to reso lve  interface 
problems.  A meet ing w a s  held with representat ives  of Goddard, JPL, and 
Hughes to es tabl ish prel iminary engine design c r i t e r i a  and communicat ion 
channels between Hughes and JPL. 

The specification for the apogee engine was  rewr i t ten  to incorporate  
changes recommended by NASA and J P L  and to include r ecen t  changes in  
the expected engine environment. 
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4. NEW TECHNOLOGY 

T h e r e  w e r e  no i t ems  of new technology reported during the repor t  
period. 
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